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a rea  of duc t  exi t  p lane ,  7rD2/4 

Four i e r  series c o e f f i c i e n t s   f o r   t h e   r a d i a l   v e l o c i t y   i n d u c e d  
on t h e   r e f e r e n c e   c y l i n d e r   b y   a l l   t h e   i n t e r n a l   v o r t e x   c y l i n -  
ders, eq. (10) 

Four i e r  series c o e f f i c i e n t s   f o r  the ax ia l   ve loc i ty   i nduced  
on the r e f e r e n c e   c y l i n d e r   b y   a l l   t h e   i n t e r n a l   v o r t e x   c y l i n -  
ders ,   eq ,  (11) 

p r o p e l l e r   d i s k   a r e a ,  a (RE - RCB2) 

Four i e r  series c o e f f i c i e n t s   f o r   t h e   r a d i a l   v e l o c i t y   i n d u c e d  
on the r e f e r e n c e   c y l i n d e r   b y   t h e   o u t e r   t r a i l i n g   v o r t e x  
cy l inde r ,  eq. (8) 

Four i e r  series c o e f f i c i e n t s   f o r   t h e   a x i a l   v e l o c i t y   i n d u c e d  
on the r e f e r e n c e   c y l i n d e r   b y   t h e   o u t e r   t r a i l i n g   v o r t e x  
c y l i n d e r ,  eq. (9) 

p rope l l e r   cho rd   l eng th ,   f i g .  2 

p i t c h i n g  moment c o e f f i c i e n t ,  M/RAq o r  M/?n'D' 
P 

normal   force   coef f ic ien t ,  N/Aq o r  N/?n2D4 
P 

Glauer t  series c o e f f i c i e n t s   f o r  yD, eq. (6)  

pressure   coef f ic ien t ,   eq .   (44)  

t h r u s t   c o e f f i c i e n t ,  T/Aq o r  T/,m2D; 

chord  length  of   duct  

l i f t   c o e f f i c i e n t   f o r   f a n   b l a d e   s e c t i o n  

l i f t   c u r v e   s l o p e   f o r   f a n   b l a d e   s e c t i o n  

Glauer t  series c o e f f i c i e n t s   f o r  r,, eq. (25)  

d i a m e t e r   o f   d u c t   i n   t h e   e x i t   p l a n e  

Four ie r  series c o e f f i c i e n t s   f o r  the r ad ia l   ve loc i ty   i nduced  
on the re ference   cy l inder   by   the   cen terbody,  eq. ( 1 2 )  

Four i e r  series c o e f f i c i e n t s   f o r   t h e   a x i a l   v e l o c i t y   i n d u c e d  
on the   re fe rence   cy l inder   by   the   cen terbody,  eq. (13) 
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p r o p e l l e r  diameter 

Four ie r  series c o e f f i c i e n t s  for t h e   r a d i a l   v e l o c i t y   i n d u c e d  
on the re fe rence   cy l inde r   by  y, y,, and the centerbody, 
eq. (29) 

Four ie r  series c o e f f i c i e n t s  for the   ax ia l   ve loc i ty   i nduced  
on the   r e f e rence   cy l inde r   by  y,, y, y,, and the center -  

Four ie r  series c o e f f i c i e n t s  for the rad ia l   ve loc i ty   induced  
on t h e   r e f e r e n c e   c y l i n d e r   b y  y,, y, yw, and the   cen te r -  

body, eq. (34) 

body,  eq.  (40) 

Four ie r  series c o e f f i c i e n t s  for t h e   r a d i a l   v e l o c i t y   i n d u c e d  
on the re fe rence   cy l inde r   by   t he  duct-bound v o r t i c i t y ,  
eq. (43) 

Fourier  series c o e f f i c i e n t s   f o r   t h e   a x i a l   v e l o c i t y   i n d u c e d  
on t h e   r e f e r e n c e   c y l i n d e r   b y  the duct-bound v o r t i c i t y ,  
eq.  (38) 

s c a l i n g   f a c t o r  

Four ie r  series coefficients fo r   t he   ax i a l   ve loc i ty   i nduced  
on the re ference   cy l inder   by  the v o r t i c i t y ,  eq.  (37) ra 

Fourier  series c o e f f i c i e n t s   f o r  the rad ia l   ve loc i ty   induced  
on t h e   r e f e r e n c e   c y l i n d e r   b y   t h e   t r a i l i n g   v o r t e x   f i l a m e n t s  
assoc ia ted  w i t h  ya 

f an   b l ade   t h i ckness ,   f i g .  2 

incidence angle  of  fan blade s e c t i o n  measured  from the l i n e   o f  
ze ro  l i f t ,  f i g .  2 

advance r a t i o ,  V/nDp 

e f f e c t i v e  advance r a t i o ,  J cos a 

advance r a t io   pa rame te r ,  eq. (3) 

e f fec t ive   advance   r a t io   pa rame te r ,  J' cos a 

length  of  centerbody 

p i t c h i n g  moment 

number of fan   b lades   o r   normal   force  

f a n   r o t a t i o n a l  speed, rev/sec 

coe f f i c i en t s   fo r   ve loc i ty   i nduced   by  duct-bound v o r t i c i t y ,  
eq. (16) 
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free-stream  dynamic  pressure,  pV2/2 

r a d i u s  of d u c t   e x i t   p l a n e ,  D/2 

rad ius   o f   fan   roo t   (nominal ly  same a s   c e n t e r b o d y   r a d i u s   a t   f a n  

Four i e r  series coe f f i c i en t s   o f   duc t   geomet r i c   camber l ine  

s t a t i o n )  

Four ie r  series c o e f f i c i e n t s   o f   t h e   d u c t   e f f e c t i v e   c a m b e r l i n e ,  
eq. (14) 

r a d i u s  of f a n   t i p  

mean rad ius   o f   equa l   a rea   e lement   o f   fan   d i sk  

r ad ius   f rom  duc t   cen te r l ine   t o   duc t   camber l ine ,   f i g .  1 

r a d i u s   f r o m   d u c t   c e n t e r l i n e   t o   e f f e c t i v e   d u c t   c a m b e r l i n e  

m a x i m u m  r a d i u s  of centerbody 

t h r u s t   f o r c e  

duc t   t h i ckness  

induced   ax ia l   ve loc i ty  

a x i a l   v e l o c i t y   i n d u c e d   b y   c e n t e r b o d y   s i n g u l a r i t y   d i s t r i b u t i o n  

ax ia l   ve loc i ty   i nduced   by   duc t   t h i ckness   d i s t r ibu t ion  

d u c t   s u r f a c e   v e l o c i t y  

ax ia l   ve loc i ty   induced   by   the   vor tex   cy l inder   t ra i l ing   f rom 
t h e   d u c t   t r a i l i n g   e d g e  

t o t a l   a x i a l   v e l o c i t y   i n d u c e d   b y   a l l   i n t e r n a l   v o r t e x   c y l i n d e r s  
t r a i l i n g  from t h e   f a n  

axial   veloci ty   induced  by  duct-bound  vort ic i ty ,  yD 

f r ee - s t r eam  ve loc i ty  

e f f ec t ive   f r ee - s t r eam  ve loc i ty ,  V cos  a 

r a d i a l   v e l o c i t y   i n d u c e d   b y   c e n t e r b o d y   s i n g u l a r i t y   d i s t r i b u t i o n  

r ad ia l   ve loc i ty   i nduced  by t h e   v o r t e x   c y l i n d e r   t r a i l i n g  from 
t h e   d u c t   t r a i l i n g   e d g e  
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radial   veloci ty   induced  by  duct-bound  vort ic i ty ,  yD 

axia l   d i s tance   f rom  lead ing   edge   of   duc t  

loca t ion   of   cen terbody  nose   in   duc t   coord ina te   sys tem,   f ig .  1 

f a n   l o c a t i o n   w i t h i n   d u c t  

l oca t ion   o f  m a x i m u m  cen te rbody   r ad ius   i n   duc t   coo rd ina te  
system 

axial distance  measured  from c/2,  f i g .  1 

number of   equa l   a rea  e lements  making  up f a n   d i s k  area 

f ree-s t ream  angle   o f   a t tack  

f a n   b l a d e   s e c t i o n   p i t c h   a n g l e ,   f i g .  2 

c i r c u l a t i o n  bound t o   f a n   b l a d e ,  eq. (1) 

convergence   c r i te r ion  

s t r e n g t h   o f   o u t e r   t r a i l i n g   v o r t e x   c y l i n d e r  

axial ly   symmetr ic  component of  duct-bound  vorticity,   eq.  (6)  

s t r eng th   o f  wth i n n e r   t r a i l i n g   v o r t e x   c y l i n d e r  

duct-bound v o r t i c i t y  component  due t o   a n g l e  of a t t a c k ,  
eq. (25 )  
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A COMPUTER PROGRAM FOR THE PREDICTION OF 

DUCTED FAN PERFORMANCE 

By Michael R. Mendenhall and Selden B. Spangler 
Nielsen  Engineer ing & Research,  Inc. 

This  document is a u s e r ' s  manual f o r  a computer  program  developed 
to   de te rmine   the   per formance  of a duc ted   f an   i n   ax i a l   f l ow and a t   a n g l e  
o f   a t t ack .  The program is used t o  predic t   the   per formance  a t  a spec i -  
f i ed   advance   r a t io  and angle  of a t t a c k   o f  a given  fan-duct  combination, 
which i s  s p e c i f i e d   b y   t h e   r a d i a l   d i s t r i b u t i o n s  of b l ade   p i t ch ,   cho rd ,  
and th ickness ;   the   duc t   chord ,   d iameter ,  camber, and th i ckness  distri- 

b u t i o n ;   t h e   f a n   l o c a t i o n ;  and the  centerbody  geometry.  The information 
obtained  from  the  program i s  duc t  and f a n   t h r u s t  and ducted  fan  normal 
f o r c e  and p i t c h i n g  moment c o e f f i c i e n t .   R a d i a l   d i s t r i b u t i o n s   o f   f a n  
in f low  ve loc i ty  and blade  angle  of a t t a c k   a r e   a l s o   o b t a i n e d .  The 
p r o g r a m   c a l c u l a t e s   t h e   d u c t   s u r f a c e   p r e s s u r e   d i s t r i b u t i o n   a t   a n y  speci- 
f i e d  azimuthal  angle.  The program i s  w r i t t e n   i n   F o r t r a n  I V  f o r   t h e  
IBM 7094 computer and requires   approximately  two  minutes   running t i m e  
per case .   Inc luded   i n   t h i s  manual a r e  a brief desc r ip t ion   o f   t he   t heo ry  
and the c a l c u l a t i o n   p r o c e d u r e ,   d e s c r i p t i o n s   o f   i n p u t  and output ,   pro-  
gram l i s t i n g ,  sample  cases,  and some comparisons  with  data.  

1. INTRODUCTION 

This r e p o r t  is  one  of  two  documents  prepared  under  Contract NAS2- 
4953 f o r   t h e  A m e s  Research  Center,  NASA. The work  on t h i s   c o n t r a c t  is  

concerned  with  development  of  methods  for  predicting  the  aerodynamic 
performance  of   ducted  fans   in   uniform f l o w .  This document i s  a u s e r ' s  
manual for  the  computer  program  developed  under the con t r ac t .  The 
second  document (ref. 1) d e s c r i b e s  the a n a l y s i s  on  which the  computer 
program is  based. 

The authors  and t h e i r   a s s o c i a t e s   h a v e   d o n e  a cons iderable  amount 
o f   p r i o r  w o r k  on  ducted  fan  analysis  (refs. 2-6). The f i n a l   t a s k  of 
t h a t  w o r k  involved   the   p repara t ion  of a computer   program  for   calculat ing 
the   ae rodynamic   cha rac t e r i s t i c s   o f  a ducted fan i n  a un i form,   ax ia l  



f low (ref. 6 ) .  The purpose of the present i n v e s t i g a t i o n  is t o  make 

c e r t a i n  improvements  and  additions t o  the computer  program of r e fe rence  6. 

The a d d i t i o n a l   a n a l y s i s   r e q u i r e d  t o  make these  improvements is  r epor t ed  
i n   r e f e r e n c e  1. The improvements cons i s t   o f   add ing  a c a p a b i l i t y   f o r  
angle  of at tack  f low,   computing  duct  surface p r e s s u r e   d i s t r i b u t i o n s ,  
adding a centerbody  model ,   and  removing  cer ta in   res t r ic t ions  on  advance 
r a t i o  and n o n l i n e a l   b l a d e   l i f t   c h a r a c t e r i s t i c s .   T h i s   r e p o r t   i n c l u d e s  
a b r i e f   d i s c u s s i o n  of the theo re t i ca l   app roach  and the assumed flow 

model w i t h  a  summary of   the   equat ions   used   in   the   p rogram.  N o  der iva-  
t i o n s   a r e   i n c l u d e d ,   b u t   r e f e r e n c e s   a r e   g i v e n  t o  a l l   t h e   d e r i v a t i o n s   o f  
i n t e r e s t .  The ac tua l   ope r3 t ion  of the program i s  discussed  a long  with 
d e s c r i p t i o n s   o f   i n p u t  and  output. Program l i s t i n g s  and  sample  cases 

a r e   a l s o   i n c l u d e d .  Some brief comparisons w i t h  d a t a   a r e   p r e s e n t e d  t o  
g i v e  some information on the   range   of   usefu lness  of t h e  program.  This 
document  completely  supersedes  reference 6. 

2.  THEORETICAL APPROACH AND FLOW MODEL 

The d i scuss ion  of t h i s   s e c t i o n  is intended t o  d e s c r i b e   t h e   t h e o r e t -  
i c a l   a p p r o a c h   i n   s u f f i c i e n t   d e t a i l  t o  permit  the use r   o f   t he   p rog ram  to  
understand  the  sequence of c a l c u l a t i o n s   i n   t h e  program. The equat ions  
i n   t h e  program a re   g iven   w i th   r e f e rences  t o  the source   in   which   each  i s  

der ived.  

The flow  model i s  i n v i s c i d  and i s  based   on   po ten t ia l  f l o w  theory .  
The approach  used is  t o  decouple the a x i a l  f l o w  and angle   o f   a t tack  
problems, t r e a t   e a c h   i n d i v i d u a l l y ,  and  superimpose  the  solut ions.  

2 . 1  Axia l  Flow 

The 
w i t h   t h e  
l a r i t y   d i  
t h e   d u c t  
model i s  

t h a t   c y l i  

a n a l y s i s  for a x i a l   f l o w  i s  b a s i c a l l y   t h a t   d e s c r i b e d   i n   r e f e r e n c e  5 

modi f ica t ions  and add i t ions   desc r ibed   i n   r e f e rence  1. Singu- 
s t r i b u t i o n s   a r e   u s e d   t o   r e p r e s e n t   t h e   f a n  wake, t he   duc t   l oad ing ,  
t h i ckness ,  and the  centerbody.  "he basic   axisymmetr ic   f low 
shown i n   f i g u r e  1 ( a ) .  A duc t   r e f e rence   cy l inde r  i s  def ined   as  

nder   having  the same r a d i u s   a s   t h e   d u c t   t r a i l i n g   e d g e .  The 

2 



The duc t  may have   bo th   th ickness  and camber, and the  chord-to- 
d i a m e t e r   r a t i o  may have  any  va1ue.l The fan   conf igu ra t ion  is  s p e c i f i e d  
by   t he  number of b l ades  (N) and by the r a d i a l   d i s t r i b u t i o n  of  chord (b) 

p i t c h  ( B ) ,  and th ickness   (h)   as  shown i n   f i g u r e  2. The e f f e c t  of b l ade  
caniber i s  no t   d i r ec t ly   cons ide red ;  however, t h e   p i t c h   a n g l e ,  B y  i s  
assumed t o  be the   angle   be tween  the   p lane   o f   ro ta t ion  and t h e   z e r o   l i f t  
l i n e  of t h e   l o c a l   b l a d e   s e c t i o n .  Each b l a d e   s e c t i o n  is  assumed t o  have 
a l i f t   c o e f f i c i e n t   s l o p e ,  cja,  of 2n up t o  t h e   p o i n t   o f   l o c a l   b l a d e  
s t a l l .  This p o i n t  is  assumed t o  be a func t ion   on ly   o f   the   b lade  
th i ckness - to -chord   r a t io   a s   desc r ibed   i n   r e f e rence  1. A f t e r   t h e   b l a d e  
s e c t i o n   s t a l l s ,   t h e   s e c t i o n   l i f t   c o e f f i c i e n t  i s  assumed t o  be cons tan t  
and e q u a l   t o  c . Since  blade  element  theory is  used to   de t e rmine  
the  fan  performance,  use  of  the  program is l i m i t e d   t o   d u c t e d   f a n s   w i t h  
r e l a t i v e l y  low b l a d e   s o l i d i t y .  The upper l i m i t  on s o l i d i t y   h a s   n o t  
been est imated  because  of   the  lack  of   sui table   data   for   comparing 
predic ted  and measured  performance. 

Lmax 

The fan  annulus  i s  d iv ided   i n to  a number ( z  2 24) of   equal   area 
annu l i  i n  each  of  which  blade element  theory  i s  used t o   d e s c r i b e   l o c a l  
blade  performance. The bound c i r c u l a t i o n  (r)  is  cons tan t   wi th in   each  
annulus and a vo r t ex   cy l inde r   w i th   s t r eng th  y, is assumed t o  be shed 
from  each  annulus and t o  extend  downstream  along  the  duct axis. The 
ou te r   vo r t ex   cy l inde r  i s  assumed t o  l i e  a long   t he   duc t   r e f e rence   cy l inde r  
and t o  be shed  f rom  the  duct   t ra i l ing  edge.  

From equat ion (5 )  o f   r e f e rence  5,  t h e  bound c i r c u l a t i o n  on t h e  
p o r t i o n   o f   t h e   b l a d e   i n   t h e  w th annulus is  

'There is  an  upper l i m i t  on c/D of  approximately 2.5 imposed  by t h e  
absence  of va lues  and induced camber c o e f f i c i e n t s   f o r  c /D 
v a l u e s   g r e a t e r   t h a n  2. See p. 7 f o r   f u r t h e r   d e t a i l s .  

'k 1 
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and the s t r e n g t h  of the wth i n t e r n a l   t r a i l i n g   v o r t e x   c y l i n d e r  i s  

where 

J' = - V 
F W  

The s t r e n g t h  of the o u t e r   v o r t e x   c y l i n d e r  i s  

1 /2 

% =  V [1+ -+- ( 3 3  - 1 

I n  many of the fo l lowing   equat ions ,  y i s  used  as a normalizing  para- 
meter. When y i s  used  without a subscript it des igna te s  the s t r e n g t h  
o f  the o u t e r   c y l i n d e r )  y,. 

Assuming t h a t  the inf low t o  the f an  (u/V) i s  known, the r a d i a l  

d i s t r i b u t i o n   o f  bound c i r c u l a t i o n  may be ca l cu la t ed   u s ing   equa t ion  (1)) 
and the s t r e n g t h  of the vor tex   cy l inders   can  be obtained  from  equations ( 2 )  

and ( 4 ) .  However, t he   i n f low t o  a f a n   i n  a s p e c i f i e d   d u c t   a t  a given 
f l i g h t   c o n d i t i o n  i s  no t  known  a p r ior i .  The inf low i s  made up  of the 

f r ee   s t r eam p l u s  the a x i a l   v e l o c i t y  components  induced  by a l l   t h e   s i n g u -  
l a r i t y   d i s t r i b u t i o n s .  Thus, the inf low t o  the propeller a t  a given 
r a d i a l   s t a t i o n  i s  

U U 
U 

2-1 

" - 1 + -  ? D + X + - + -  qD UCB + + 1 - YW V V V V V V 
w=m 

With the except ion  of  the centerbody-induced  flow,  the  components  of 
the i n f l o w   v e l o c i t y   a r e  computed i n  the same  manner a s  i s  descr ibed  
i n  Appendix A o f   r e f e rence  5. The v e l o c i t y  (ucB)  induced  by t h e   c e n t e r -  
body i s  no t   cons ide red   i n   r e f e rence  5 b u t  i s  computed using  equat ion  (15)  
o f   r e f e rence  1. The ve loc i t ies   induced   by  the centerbody  must be 

c o r r e c t e d  t o  account   for  the f a c t  t h a t  the centerbody i s  submerged i n  a 
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f r e e   s t r e a m   g r e a t e r   t h a n  V. The d e t a i l s   o f   t h i s   c o r r e c t i o n  are pre- 
s e n t e d   i n   r e f e r e n c e  1. Note t h a t   t h e   i n f l o w   p r o f i l e  is  dependent on 
t h e   d u c t  and f an   l oad ings   wh ich ,   i n   t u rn ,   a r e   a f f ec t ed   by   t he   i n f low 
p r o f i l e ;   t h e r e f o r e ,   a n   i t e r a t i v e  scheme i s  used t o  converge on a so lu t ion .  

The t r a i l i n g   v o r t e x   c y l i n d e r ,  the f a n  wake v o r t e x   c y l i n d e r s ,   t h e  
centerbody,  and t h e  free s t ream a l l  induce  components of flow  through 
t h e   d u c t   c a n i b e r l i n e .   I n   o r d e r   t o   c a n c e l   t h i s   f l o w  and c a u s e   t h e   n e t  
flow t o  be t a n g e n t   t o   t h e   c a n i b e r l i n e ,  a d i s t r i b u t i o n   o f  bound v o r t i c i t y  
CyD) i s  placed  on  the  duct .  This bound v o r t i c i t y  is expressed   in  
terms of  a Glauer t  series (eq. (17) , ref. 4 )  a s  

c 
J 

- YD = co c o t  7 e + 1 cn s i n  ne 
Y 

and t h e  unknown Cn coe f f i c i en t s   a r e   de t e rmined  from the  f low  tangency 
cond i t ion  on t h e   d u c t   r e f e r e n c e   c y l i n d e r .  

The b a s i c   r e l a t i o n   t h a t  i s  s o l v e d   t o   c a u s e   t h e   f l o w   t o  be tangent  
t o  the camberline is 

dre v + v   + v   + v  - 
YD Y Yw CB - - ( v + u  dx YD + u   + u  Yw + U C B )  

where  dre/dx i s  the e f f ec t ive   s lope   o f   t he   camber l ine .  The fol lowing 
procedure i s  used t o   s o l v e   e q u a t i o n  ( 7 )  f o r  the  unknown Cn c o e f f i c i e n t s .  

The r a d i a l   v e l o c i t y   ( v  ) induced   a long   the   duc t   re fe rence   cy l inder  
Y 

by the  v o r t e x   c y l i n d e r   t r a i l i n g  f r o m  the d u c t   t r a i l i n g   e d g e  i s  given 
by  equation (C-3) o f   r e f e rence  5. Th i s   ve loc i ty  is expressed   in  non- 
dimensional  form  by a s ix- te rm  Four ie r   cos ine  series a s  

V 
5 

2 = B~ cos ne 
Y 

n=o 
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The a x i a l   v e l o c i t y   ( u  ) induced  by  the same v o r t e x   c y l i n d e r  is  given 

by  equation (23)  of r e fe rence  3.  This v e l o c i t y  i s  e x p r e s s e d   i n  non- 
dimensional  form  by a s imi la r   s ix- te rm  Four ie r   cos ine  series a s  

Y 

U 
5 

2 = B;: cos  ne 
Y 

n= o 

The r a d i a l  and ax ia l   ve loc i t i e s   i nduced   a long   t he  d u c t  r e f e rence  

c y l i n d e r  by a l l   t h e   v o r t e x   c y l i n d e r s   t r a i l i n g  from t h e   f a n   a r e  computed 

using  equat ion (13) and (20) ,  r e s p e c t i v e l y ,  of r e fe rence  3 .  The sum of 
t h e   r a d i a l  and a x i a l   v e l o c i t i e s   i n d u c e d   b y   a l l   t h e   i n t e r n a l   v o r t e x  
c y l i n d e r s  i s  expressed  as  

V 5 

n= o 

n= o 

The r a d i a l  and ax ia l   ve loc i t i e s   i nduced   a long   t he   duc t   r e f e rence  
c y l i n d e r   b y   t h e   c e n t e r b o d y   s i n g u l a r i t y   d i s t r i b u t i o n   a r e  computed us ing  

equat ions  (15) and (16)  of  reference 1. These v e l o c i t i e s   a r e   e x p r e s s e d  
a s  

V 
5 

" 

V CB - 1 D~ cos  ne 
n=o 

U 
5 

- =  
V CB D;: cos  ne 

n= o 

The s lope   o f   t he   e f f ec t ive   camber l ine  i s  s p e c i f i e d   a s  

3 

" 

dx 
n= o 
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where t h e   e f f e c t i v e  camber is made up of a geometric camber and an 
induced  camber   as   discussed  in   detai l  i n  s e c t i o n  2.3 o f   r e f e rence  6. 

"he induced  camber is  due t o  the veloci ty   induced  by the source   r i ng  
d i s t r i b u t i o n   r e p r e s e n t i n g   t h e   d u c t   t h i c k n e s s ,  and t h e  method of  computing 
t h i s   e f f e c t  i s  based on t h e  work desc r ibed   i n   Chap te r  2 o f   re fe rence  7. 
The induced  camber is descr ibed  by a Four ie r  series similar to   equa t ion   (14 )  
where  the first f o u r   c o e f f i c i e n t s   a r e   t a b u l a t e d   a s  a func t ion   of  c /D 

i n   r e f e r e n c e  6. These   coe f f i c i en t s   a r e   i nc luded   i n  the program i n  
Subroutine CAMBER and a re   au tomat i ca l ly  combined with  the  geometr ic  
camber c o e f f i c i e n t s .  The c a l c u l a t i o n  of the   geometr ic  camber c o e f f i -  
c i e n t s  is  desc r ibed   i n   s ec t ion  4.2 of t h i s   r e p o r t .  

The ax ia l   ve loc i ty   induced   by   the  bound v o r t i c i t y ,  yD, can be 

w r i t t e n   i n   t e r m s  of t h e  Cn c o e f f i c i e n t s   a s  

from  equation (18) of   re fe rence  4. The r a d i a l   v e l o c i t y  component  can 
be  found  from  equation (1.13) of   reference 8 a s  

where t h e  Pk& c o e f f i c i e n t s   a r e   g i v e n   i n   t a b l e s  2 . 1  through 2.4 of 
r e fe rence  9. These tab les   have   been   ex tended   to  c /D  va lues  of 2.0, 

and provis ion   has   been  made i n  the  program t o   e x t r a p o l a t e  beyond 2.0. 

However, t h e   v a r i a t i o n  of with c /D i s  n o t   l i n e a r ,  and t h e  
ex t rapola t ion   should   no t  be made  much p a s t  2.5. 

'k & 
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S u b s t i t u t i n g   e q u a t i o n s  (8) through (16) i n t o   e q u a t i o n  (7)  results 
i n  

n=o 

Expanding  both  sides of equat ion  (17)  i n t o   F o u r i e r   c o s i n e   s e r i e s  and 

equat ing   each   of   the   s ix   harmonics   resu l t s  i n  s ix  l i n e a r   a l g e b r a i c  

e q u a t i o n s   i n  terms o f   t h e   s i x  unknowns, Cn. With  the  parameter e 
defined  below, 

e - -  4D 
C 

the   equat ion   for   the   zero th   harmonic  i s  

- Po,) - 2R: e ( i n  e - 1) - .:e] Co 
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The equat ion for  the first harmonic i s  

- 2R:e - 2R:e ( a n  - 1) - R z e ]  Co 

+ [ ( P l l  - 1 )  - R,*e(Rn -g 4 - 1 )  + - R t e  R*e 
4 + -1 4 c1 

R E e  
+ [-,:e - -1 3 c2 + [p13 - 1 4 - 3 8 

R*e R:e 

+ [- +IC, + [p15 - -1.. 8 

The equation for the  second harmonic i s  

L 

R*e R g e  

+ [+ - T ]  c3 + [P.. 

= 2RGB: + R:(B: 

+ [2Rg  (DZ + 
Y 

+ 2R$(Dz  + A; 

R T e  R,*e 

2 c2 

R*e  R*e R,*e - -  + 1 1  c, + [- 
6 10 
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The equat ion  for  the th i rd  harmonic is  

[... - R$e - 2 R g e  ( l n  e 4 - 

R;e 4 R g e  R*e 
+ [ p31 + - 4 - R $ e ( P n  - e - l)] c, + [ - L] 2 c, 

8 c5 

+ [2Rg(D: + A$) + R: (D," + A," + D: + A:) 
Y 

+ R,*(D,* + AT + DZ + AS)  + 2R,*(Dg + A; + 1) - 2 (D, + A3)] 

The equat ion  fo r  the fourth  harmonic i s  

R z e  R*e R z e  [... - R $ e ] C o  + [ T I C .  + [p4. + 6 2 

R g e  R:e R t e  R*e 
+ [T- - -1 4 c, + [(P,, - 1) - 4 c, + [- 4 c, 
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The e q u a t i o n   f o r   t h e   f i f t h   h a r m o n i c  is  

co + [... 

Solut ion  of   equat ions (19) th rough  (24)   y ie lds   the  Cn c o e f f i c i e n t s  
def in ing   the   duc t -bound  vor t ic i ty ,   which   in   tu rn  permit a  new inf low 
p r o f i l e   t o   b e  computed  from  equation ( 5 ) .  

2 . 2  Angle  of  Attack 

The angle of a t t a c k   s o l u t i o n  i s  t h a t   f o r  a t ' h in ,   cy l ind r i ca l   duc t  
- i n  a c ross f low V s i n  a .  This s o l u t i o n  i s  superimposed  on  the  axial  
f l ow  so lu t ion   a s   fo l lows .  T h e  ducted  fan i s  c o n s i d e r e d   t o  be i n  a 
mod i f i ed   ax ia l   f l ow  in  which t h e   v e l o c i t y  V i s  V cos  a .  The a x i a l  
f l ow  ana lys i s   d i scussed   i n   s ec t ion  2 . 1  i s  appl ied t o  o b t a i n   t h e  axisymmet- 
r ic  po r t ion  of t h e  bound and f r e e   v o r t i c i t y  and s o u r c e   d i s t r i b u t i o n s .  
The duct  i s  then   cons ide red   t o  be i n  a f low  a t   ang le   o f   a t t ack .  A 

nonax i symmet r i c   vo r t i c i ty   d i s t r ibu t ion  i s  p l aced   on   t he   duc t   t o   cance l  
t h e  V s i n  a crossf low  through  the   duc t   re fe rence   cy l inder .  The duct-  
bound v o r t i c i t y   h a s   t h e  form 

- 

5 

- =  ' a  s i n  a cos c o t  y e + 1 cn s i n   n e  
V 

n= 1 3 
where  the cn c o e f f i c i e n t s   a r e   f u n c t i o n s   o n l y  of c /D and are tabu- 
l a t e d   i n  Table I o f   r e f e rence  10. There i s  i n   a d d i t i o n  a d i s t r i b u t i o n  
of free t r a i l i n g   f i l a m e n t s   c a u s e d  by the var ia t ion   o f   s t rength   a round 
the ya r ings .  The f o r c e s  and moments on the ducted  fan are then  
computed by   cons ider ing  both  the axisymmetric  and  nonaxisymmetric 
s i n g u l a r i t y   d i s t r i b u t i o n s .  
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The V s i n  a crossf low and t h e   v o r t i c i t y   i n d u c e  a nonaxisymmet- ya 
r i c  i n f l o w   i n t o   t h e   f a n .  The r e s u l t i n g   c i r c u m f e r e n t i a l l y   v a r y i n g   b l a d e  

load ing  was examined i n   r e f e r e n c e  5 .  A s o l u t i o n  was obtained,   with a 
nmber   o f   s imp l i fy ing   a s sumpt ions ,   t ha t   i nd ica t ed  two  compensating 
e f f e c t s   o c c u r r i n g   t o   c a u s e   t h e   n e t   e f f e c t   o f   a n g l e   o f   a t t a c k  on b l ade  
l o a d   d i s t r i b u t i o n   t o  be r e l a t i v e l y   s m a l l .  On t h e   b a s i s   o f   t h e s e   r e s u l t s  
and the   complex i ty   o f   t he   ana lys i s ,   t he   i nc lus ion   o f   ang le   o f   a t t ack  
e f f e c t s  on fan  loading  in  the  computer  program was not   cons idered  
j u s t i f i e d .  

The f o r c e  and moment equat ions  are der ived i n  r e fe rences  1 and 5 

b y   c o n s i d e r i n g   t h e   f o r c e   r e s u l t i n g  from a v e l o c i t y   a c t i n g  on a bound 

v o r t i c i t y .  The v iscous   d rag  on the   duc t ,   cen terbody,  and f an   b l ades  i s  

no t   cons ide red  i n  t h e   a n a l y s i s .  The f o r c e s  and  moments  on the   cen te r -  
body  and  the moment on t h e   f a n   a r e   s m a l l  compared t o   t h e   d u c t   l o a d i n g  

and a re   neg lec t ed .  

"he e f f e c t i v e   f r e e  stream is def ined   by   the   var iab les  

- 
J' = J '  cos a 

- 
V = V cos a 

Thus, t h e   f a n   t h r u s t   c o e f f i c i e n t 2  i s  given  by  equat ion (10)  of   re fe rence  5 

a s  

The d u c t   t h r u s t   c o e f f i c i e n t   d u e   t o   t h e   d u c t   s i n g u l a r i t y   d i s t r i b u t i o n  i s  

computed using  equat ion ( 3 6 )  of   re fe rence  1. 

" - -~ ~~ 

2The equa t ions   fo r   t he   fo rce  and moment c o e f f i c i e n t s   g i v e n  i n  t h i s  
s ec t ion   a r e   based  on nond imens iona l i z ing   t he   fo rce   o r  moment by  q, 
A, and R. The a l te rna te   approach   no ted   in   the  Symbols L i s t  i s  a l s o  
provided  within  the  program. 
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where 

C 
TD (PI 

- - “TT cos2 01 (4Eo + 2E1) + 2C1Eo 
D -  V 

4 1 

- Y En - - - Bn + An + Dn 
V 

I n   t h e  assumed f low  model ,   there  is  a d i s c o n t i n u i t y  i n  t h e   d u c t  
s u r f a c e   p r e s s u r e   d i s t r i b u t i o n   d u e   t o   t h e   p r e s s u r e  rise ac ross   t he   f an .  
The i n c r e a s e d   p r e s s u r e   a c t i n g  on t h e   i n n e r   d u c t   s u r f a c e   a f t   o f   t h e   f a n  
c a u s e s   t h e   f o l l o w i n g   d u c t   t h r u s t   c o e f f i c i e n t .  

One component  of t h e   t h r u s t   c o e f f i c i e n t  due t o   t h e   d u c t   a t   a n g l e  
o f   a t t a c k  i s  

from  equation (39)  o f   r e f e rence  1. The second   pa r t   o f   t he   t h rus t  
c o e f f i c i e n t  due t o   t h e   d u c t   a t   a n g l e   o f   a t t a c k  is 

r 4 

C - - - TT E s i n 2  a co (4Ho + 2H1) + 2clHo 
TD ( a )  2 D  1 - cnHn+1 ’J 

n= 1 

(31) 

1 

from  equation  (41)  of  reference 1. The Hn Four i e r  series coeffi- 
c i e n t s   d e s c r i b e   t h e   r a d i a l   v e l o c i t y   d i s t r i b u t i o n   i n d u c e d   a t   t h e   d u c t   b y  
t h e   t r a i l i n g   v o r t e x   f i l a m e n t s   a s s o c i a t e d   w i t h  yO1. These Four i e r  
c o e f f i c i e n t s   a r e   d e f i n e d   i n   e q u a t i o n  (40) of  the above  reference.  The 
t o t a l   d u c t   t h r u s t   c o e f f i c i e n t  is  then  the sum of   equat ions  (27)  , (28)  , 
(31), and (32) - 
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The duct  normal. f o r c e   c o e f f i c i e n t  i s  given by equat ions  (48) , (51) , 
and (52) of r e fe rence  1. 

where 

E: = -= (BZ + F:) + A: + D g  
V 

(34) 

and 

4 

f   (cn,  E:) = co(4Eg + 2 E t )  + 2clEg + ( c ~ + ~ E :  - CnE:+l) (35) 

The G g  a r e   t h e   F o u r i e r   c o e f f i c i e n t s  

which i s  computed using  equat ion (49) 

U 

- =  
V ' a  s i n  a cos 

desc r ib ing   t he   ve loc i ty  u 
of r e fe rence  1. YD 

f G: cos ne 
0 

The FR a re   t he   Four i e r   coe f f i c i en t s  d e s c r i b i n g   t h e   v e l o c i t y  u-, 
which i s  computed using  equat ion (A-9) of r e fe rence  5. 'D 

U 5 

- 'D = F; cos ne 
Y 

0 

(37)  

The duc t   p i tch ing  moment c o e f f i c i e n t  i s  given by equat ions ( 5 7 ) ,  

( 5 9 1 ,  (601, and ( 6 2 )  of re ference  1 as 
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where 

E; - - - (Bn + Fn) + An + Dn 
V 

The  Fn  are  the  Fourier  coefficients  describing  the  velocity  v 
which  is  computed  using  equation (16) . YD 

V 5 

- = F cos  ne YD 
Y n 

0 

The  duct  surface  pressure  distribution  is  obtained from the 
Bernoulli  equation 

2 

c = 1 - (%) P 

(43) 

(44) 

where  us  is  the  induced  surface  velocity  distribution. The surface 
velocity,  us, is made  up  of  a  continuous  portion  and a discontinuous 
portion  as  given by equation (67) of  reference 1. The  continuous 
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v e l o c i t y  is c o r r e c t e d  for duc t   t h i ckness  and t h e   d i s c o n t i n u o u s   v e l o c i t y  

i s  approximated   near   the   l ead ing   edge   to  remove the   s ingu la r i ty .   These  
c o r r e c t i o n s  and a p p r o x i m a t i o n s   a r e   e x p l a i n e d   i n   d e t a i l   i n   r e f e r e n c e  1. 

3 .  PROGRAM DESCRIPTION 

3.1 Calculat ion  Procedure 

The computation  proceeds  as  follows. An i n i t i a l  knowledge  of t h e  

f a n   i n f l o w   v e l o c i t y   p r o f i l e  i s  r e q u i r e d   t o  compute blade  performance, 

from  which a l l   o t h e r   c o m p u t a t i o n s   a r e  made. S ince   t he   i n f low is  

a f f e c t e d  by t h e  as ye t   undetermined   duc t -bound  vor t ic i ty ,   an   i t e ra t ive  
procedure i s  used. An i n i t i a l ,   u n i f o r m   i n f l o w  of 2V i s  assumed, and 

t h e   b l a d e   e l e m e n t   c a l c u l a t i o n s   a r e  made to   de t e rmine   t he   f an   pe r fo rmance  
and t h e   f a n  wake c h a r a c t e r i s t i c s .  The f low  tangency  condi t ion on t h e  
d u c t   r e f e r e n c e   c y l i n d e r  i s  then  appl ied  to   determine  the  duct-bound 
v o r t i c i t y   d i s t r i b u t i o n .  With a l l   t h e   s i n g u l a r i t y   d i s t r i b u t i o n s  known, 
the   f an   i n f low i s  ca l cu la t ed .  This is  compared w i t h   t h e   i n i t i a l l y  
assumed i n f l o w .   I f   t h e  two  do  not  agree,  a new i n f l o w   e q u a l   t o   t h e  
ave rage   be tween   t he   i n i t i a l  and computed inf lows is  determined. The 

fan  and duct-bound v o r t i c i t y   c a l c u l a t i o n s   a r e   r e p e a t e d   t o   o b t a i n  a new 

inflow. The p r o c e s s   c o n t i n u e s   u n t i l   t h e   i n f l o w   v e l o c i t y  i n  each  annulus 
has  converged t o   w i t h i n   t h e   d e s i r e d   v a l u e .  When convergence i s  obtained 
f o r   a l l   a n n u l i ,   t h e  program  continues t o   c a l c u l a t e   f o r c e  and moment 
c o e f f i c i e n t s  and d u c t   s u r f a c e   p r e s s u r e   c o e f f i c i e n t s  i f  des i r ed .  

3.2 Flow of   Calcu la t ions  

This sec t ion   con ta ins  a d i scuss ion   of   the   sequence   of   ca lcu la t ions  
within  the  program. The d i s c u s s i o n   d e s c r i b e s   t h e   f u n c t i o n s   t h a t   a r e  
performed i n  t h e  main  program and each  of   the  subrout ines  and t h e   b a s i c  
order   in   which   they  are performed.   References  are   given  for   the  var ious 
equa t ions   o r   r e l a t ions   u sed   i n   t he   pa r t s   o f   t he   p rog ram.  

The program  consis ts   of  a main  program and 2 0  subrout ines .  The 

ca rds   i n   t he   sou rce   deck   a r e   i den t i f i ed  i n  Columns 7 3  t o  80 with a 
f o u r - c h a r a c t e r   i d e n t i f i c a t i o n   i n d i c a t i n g   t h e  number of   the   subrout ine  
and a t h r e e - d i g i t  number r e p r e s e n t i n g   t h e   o r d e r   o f   t h e   c a r d   w i t h i n   t h e  
subrout ine .  
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The main  program is r e l a t i v e l y   s h o r t .  Its b a s i c   f u n c t i o n s   a r e   t o  
con t ro l   t he   f l ow of t h e  program, and t o  pe r fo rm  the   ca l cu la t ion   fo r   t he  
loca l   b l ade   e l emen t   pe r fo rmance ,   t he   ca l cu la t ion   fo r   t he   t o t a l   f an   i n f low,  
the   compar i son   o f   i n i t i a l  and  computed inf lows  to   determine  convergence,  
and t h e   c a l c u l a t i o n   o f   t h e  new i n f l o w   p r o f i l e   i f   t h e   s o l u t i o n  is not 
converged. The re l a t ionsh ip   be tween   t he  main  program  and the   sub rou t ines  
i s  shown i n  f i g u r e  3 .  

The first o p e r a t i o n   i n  MAIN i s  a g e n e r a l   i n i t i a l i z a t i o n   o f   f o u r  
subrout ines .  ELLIPS is c a l l e d   t o   i n i t i a l i z e  tables of e l l i p t i c   i n t e g r a l s ,  
LAMBDA is  c a l l e d   t o   i n i t i a l i z e  tables of   the Hewnan  Lambda Function, 
PKL i s  c a l l e d   t o   i n i t i a l i z e   t a b l e s  o f   c o e f f i c i e n t s   a t   v a r i o u s  
r a t i o s  of d u c t  chord t o   d i a m e t e r ,  and CLALF i s  c a l l e d   t o   i n i t i a l i z e  a 
t ab le   o f   s ec t ion  c versus   thickness- to-chord  ra t io .  The t a b l e  of 

'k 1 

'max 
C versus   t / c  is  determined  from  figure 2 (b) of   reference 1. 

' m a  
The program  has   several   subrout ines   which  are   necessary  for   the 

operation  of  the  program  because  of the service  they  perform, b u t  they 
are   not   important   to   the  understanding  of   the  sequence  of   events  i n  t h e  
program. These w i l l  be d iscussed  h e r e   b r i e f l y  and then  omitted  from 
the   fo l lowing  program descr ip t ion ,   a l though  they   a re  shown on f i g u r e  3 .  

Subrout ine ELLIPS does a t a b l e  look-up f o r   t h e   c o m p l e t e   e l l i p t i c  i n t e -  
g r a l s   o f   t h e  f i rs t  and second kind,  g iven   t he   a rgumen t   o f   t he   e l l i p t i c  
i n t eg ra l s .   Subrou t ine  LAMBDA does a table look-up f o r   t h e  Heuman 
Laribda Function,  given  the two arguments of the   func t ion .   Subrout ine  
ARCSIN computes the   p r inc ipa l   va lue   o f   the   angle   g iven   the   va lue   o f  
t h e  s i n e  of the angle.   Subroutine FOURCS does a Four ie r   ana lys i s   o f  a 
func t ion ,   g iven  a t a b l e  of values   of   the   funct ion.  The subrout ine  
computes  an n-term cos ine  series (n  1. 50) t o  f i t  the   g iven   func t ion .  
The first s i x  terms of t h e  series a r e  used f o r   t h e   c a l c u l a t i o n s   i n   t h e  
program. 

Subroutine INPUT is  c a l l e d  by t h e  main  program. The major 
funct ion  of   subrout ine INPUT is  t o   d e t e r m i n e   a l l  o f   the   quant i t ies   used  
i n   t h e   c a l c u l a t i o n   t h a t   a r e   f u n c t i o n s   o n l y   o f   t h e   d u c t   c o n f i g u r a t i o n ,  
the   cen terbody  geometry ,   the   fan   b lade   charac te r i s t ics ,   o r   the  number of 
f an   annu l i .   I nc luded   i n   t hese   quan t i t i e s   a r e   t he   Four i e r  series 
c o e f f i c i e n t s   f o r   v e l o c i t i e s  and v o r t i c i t i e s  which  are   funct ions  only  of  
duct   chord-to-diameter   ra t io   or   duct   thickness .  This subrou t ine   a l so  

17  



r e a d s   i n  the input   da ta ,   checks  it for c e r t a i n  specific errors, and then  
p r i n t s   o u t   a l l   o f  the input   information.  Now seve ra l   sub rou t ines  must 
be c a l l e d   t o   d o  more specific i n i t i a l i z a t i o n   o f   p a r a m e t e r s  which a r e   o n l y  
dependent on the  geometry of the system.  Subroutine HUB i s  c a l l e d   t o  

compute the s t r e n g t h  and l o c a t i o n  of the p o i n t  source and p o i n t   s i n k  
which  describe the centerbody  model. ALFRNG i s  c a l l e d  t o  compute t h e  
GE Four i e r   coe f f i c i en t s   i n   equa t ion   (37 )  and the Hn Four i e r   coe f f i -  
c i e n t s   i n   e q u a t i o n  ( 3 2 ) .  PRESS is  c a l l e d  t o  set  up t a b l e s  of t h e  
duc t   t h i ckness   co r rec t ion   f ac to r  and the leading-edge   s ingular i ty  
parameter. These tables a r e   u s e d   i n   t h e   c a l c u l a t i o n  of the   duc t   su r f ace  
p re s su re   d i s t r ibu t ion .   Subrou t ine  INPUT n e x t   c a l l s   s u b r o u t i n e  PKL to 
look  up a t a b l e   o f  the PkJ i n f luence   Coef f i c i en t s .   These   coe f f i c i en t s ,  
used  in  computing the r ad ia l   ve loc i ty   i nduced   by  a d i s t r i b u t i o n  of vor- 
tex r ings ,   a r e   func t ions   on ly   o f  c / D  and are   obtained  f rom  reference 9. 

Subrout ine CAMBER is  c a l l e d   t o  compute the induced  camber  coefficients 

which a re  combined w i t h  the geometric camber c o e f f i c i e n t s  t o  o b t a i n   t h e  

t o t a l   e f f e c t i v e  camber o f   t he   duc t .  

Subrout ine HUB is  ca l led   aga in   by  I N P U T  t o  compute the   Four i e r  
c o e f f i c i e n t s  Dn and Dg.  These c o e f f i c i e n t s   a r e   c o n s t a n t s   f o r  a given 
duc t  and centerbody  conf igura t ion ;   therefore ,   they  may be computed a t  
t h i s  t i m e  assuming a u n i t   f r e e   s t r e a m  and t h e n   c o r r e c t i n g   f o r   t h e  
increased  f ree   s t ream  as   they  are   used.  

Subroutine PROP d iv ides   t he   f an   annu lus   i n to   t he   r equ i r ed  number 
of  annuli  (which i s  i n p u t ) ,  computes the i n n e r ,   o u t e r ,  and mean r a d i i  

of the annu l i  and i n t e r p o l a t e s   i n  the b lade  (3, b/Rp, and h/b inpu t  
t a b l e s   t o   o b t a i n   v a l u e s   o f  @, b/Rp, and h / b   a t   t h e  mean r a d i i   o f  the 

annul i .  

Certain  components  of  the  inflow t o  the f an   a r e   cons t an t s  and can 
be computed a t   t h i s  t i m e .  Subroutine GAMCYL computes the  nondimensional 
axial i n f l o w   v e l o c i t i e s   ( i n   t h e  form  u/y)  induced a t  the mean r a d i i  of 
t he   f an   annu l i  by a v o r t e x   c y l i n d e r   t r a i l i n g  from t h e  d u c t  t r a i l i n g   e d g e .  
These a r e  a funct ion  only  of  c/D. The equat ion  solved is  equat ion (A-10) 
of   reference 5. I n   t h i s   e q u a t i o n ,  it is  n e c e s s a r y   t o  u s e  e l l i p t i c  
i n t e g r a l s ,  an a r c s i n   r e l a t i o n ,  and t h e  Heuman  Lambda Function. These 

are   obtained,   respect ively,   f rom  subrout ines  ELLIPS, ARCSIN, and LAMBDA. 

Subroutine SRCRNG computes the nondimensional   axial   inf low  veloci ty  

18 



( i n  the form  u/v)  induced a t  the mean r a d i i   o f  the f an   annu l i   by  the 
source   r i ngs   r ep resen t ing   t he   duc t   t h i ckness   d i s t r ibu t ion .  The equat ion  
used is  equat ion (A-6) o f   r e f e rence  5. Subrout ine HUB computes t h e  
nondimensional axial i n f l o w   v e l o c i t y   ( i n   t h e   f o r m  u/V) induced a t  t h e  
mean r a d i i   o f  the fan   annul i   by  the source - s ink   d i s t r ibu t ion   r ep resen t ing  
the  centerbody  geometry.  The equation  used i s  equat ion  (15)  of r e f e r -  
ence  1. The two l a t t e r  i n f l o w   v e l o c i t i e s  must be c o r r e c t e d   f o r   t h e  
inc reased   l oca l   ax i a l   ve loc i ty   . a s  is  d i s c u s s e d   i n   r e f e r e n c e  1. 

Subrout ine BNCOEF computes the   Four i e r   cos ine  series c o e f f i c i e n t s  
(B,) f o r  the nondimensional radial v e l o c i t y   ( i n   t h e  form  v/y)  induced 
a long   the   duc t   re fe rence   cy l inder   by  a v o r t e x   c y l i n d e r   t r a i l i n g   f r o m  
t h e   d u c t   t r a i l i n g   e d g e .  The equation  used i s  equat ion  (C-3) of  
r e fe rence  5. The subrout ine  ANCOEF computes   Four i e r   s e r i e s   coe f f i -  
c i e n t s   f o r   t h r e e  sets of v e l o c i t i e s  on t h e   d u c t   r e f e r e n c e   c y l i n d e r .  
The c o e f f i c i e n t s  B: a re   t hose   o f   t he   nond imens iona l   ax i a l   ve loc i ty  
(u/y)  induced  by a vor tex   cy l inder   f rom  the   duc t   t ra i l ing   edge   (eqs .   (23)  
and ( 2 5 )  of ref. 3)  . The c o e f f i c i e n t s  (A,) and (A:) are   those   o f  

the  nondimensional   radial   (v/y ) and a x i a l  (u/yw) v e l o c i t i e s ,   r e s p e c t i v e l y ,  
induced  by  the wth i nne r   vo r t ex   cy l inde r   t r a i l i ng   f rom  the   f an .  The 
equat ions  used  are   equat ions  (13)  and (16) , and equat ions  (20)  and ( 2 1 ) ,  

r e spec t ive ly ,   o f   r e f e rence  3 .   These   Four ie r   coef f ic ien ts   a re   ob ta ined  
b y   f i t t i n g  a 5 0 - t e r m  Four ie r   cos ine  series t o   t h e   c h o r d w i s e   v e l o c i t y  
d i s t r i b u t i o n  and t r u n c a t i n g   a f t e r   t h e   s i x t h  t e r m .  A t  t h i s   p o i n t ,   t h e  
c o e f f i c i e n t s   f o r   a l l   o f   t h e   v e l o c i t i e s   i n d u c e d   a t   t h e   d u c t   r e f e r e n c e  
cy l inde r   by   t he   f an  wake, duc t   t h i ckness ,  and the centerbody  a re  known, 
and c o n t r o l   r e t u r n s   t o   t h e  main  program. 

W W 

W 

The b lade   e lement   per formance   in   each   of   the   fan   d i sk   annul i  is 
computed u s i n g   t h e   l o c a l   b l a d e   l i f t   c o e f f i c i e n t   o b t a i n e d   f r o m   s u b r o u t i n e  
CLALF. The s e c t i o n  cJ i n c l u d e s   t h e   e f f e c t   o f   l o c a l   b l a d e  s ta l l  i n  
t h e  manner d e s c r i b e d   i n   r e f e r e n c e  1. The s t r e n g t h s  of the i n t e r n a l  
v o r t e x   c y l i n d e r s   a r e  now computed. The main  program c a l l s   s u b r o u t i n e  
CNCOEF. The bas i c   pu rpose   o f   t h i s   sub rou t ine  i s  to   apply   the   boundary  
cond i t ion   o f  no  f low  through  the  duct  camberline  to  compute the Four ie r  
c o e f f i c i e n t s ,  Cn, r e p r e s e n t i n g  the duct-bound v o r t i c i t y  yD. The s i x  
Cn c o e f f i c i e n t s   a r e   o b t a i n e d  from t h e   s o l u t i o n   o f  a m a t r i x  equa t ion  
invo lv ing   t he  An, A:, Bn, B:, Dn,  DE c o e f f i c i e n t s ,   t h e  camber 
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c o e f f i c i e n t s ,  and the v o r t e x   c y l i n d e r   s t r e n g t h s   j u s t  computed. The t h r e e  

dependent   mat r ices   in  this e q u a t i o n   a r e  computed and de f ined   i n   sub rou t ine  
CNCOEF. The equat ion  is t h e n   s o l v e d   f o r   t h e  Cn through u s e  o f   t he  

ma t r ix   i nve r s ion   sub rou t ine ,  MATRIX. I f   t h e   m a t r i x   t o   b e   i n v e r t e d  i s  

s i n g u l a r ,  an e r r o r  message is  p r i n t e d  and t h e   s u b r o u t i n e   t r a n s f e r s   t o  a 
STOP statement .  

NOW t h a t   a l l   t h e   s i n g u l a r i t y   d i s t r i b u t i o n s  are known, t h e   c o r r e c t i o n  
f a c t o r s  which a r e   a p p l i e d   t o   t h e   d u c t   t h i c k n e s s - i n d u c e d   v e l o c i t i e s  and 
the centerbody- induced   ve loc i t ies   a re   computed .   Both   cor rec t ion   fac tors  
need   t he   ve loc i t i e s   i nduced   by   t he   vo r t ex   cy l inde r   t r a i l i ng  from t h e  
t r a i l i n g  edge  of   the  duct  and the   duc t -bound  vor t ic i ty ,  r,. These 

induced   ax ia l   ve loc i t i e s   a r e   ob ta ined  from subrou t ines  GAMCYL and 
VTXRNG, r e s p e c t i v e l y .  

Subrout ine VTXRNG is  c a l l e d   a g a i n   t o  compute t h e   a x i a l   i n f l o w   t o  

the   f an   due   t o   t he   duc t -bound   vo r t i c i ty ,  y,. Equation (A-9) o f   re fe r -  
ence 5 is used  with  the Cn c o e f f i c i e n t s   j u s t  computed. 

The main  program  then sums t h e   i n f l o w   v e l o c i t i e s   i n   e a c h   o f   t h e   f a n  

annuli   obtained  from a l l  t h e   s i n g u l a r i t y   d i s t r i b u t i o n s  and adds t o   t h e s e  
the   f r ee - s t r eam  ve loc i ty  and the   d i scon t inuous   po r t ion   o f   t he   ve loc i ty  
d i f f e rence   ac ross   each   vo r t ex   cy l inde r  ( y J 2 ) .  The r e s u l t i n g   t o t a l  
in f low  in   each   annulus  is  compared w i t h   t h e   i n i t i a l l y  assumed inf low.  
I f   a l l   v e l o c i t i e s  do not   agree   wi th in   the   p rescr ibed   convergence  l i m i t ,  

t h e  new inf low i s  assumed t o  be t h e   a v e r a g e   b e t w e e n   t h e   i n i t i a l  and 
computed v e l o c i t i e s .  The program  then r e t u r n s  to   the   computa t ion  of new 

va lues   o f   the   loca l   b lade   per formance .   Subrout ine  CNCOEF i s  c a l l e d ,  
new Cn coe f f i c i en t s   de t e rmined ,  new co r rec t ions   fo r   t he   cen te rbody-  
induced   ve loc i t i e s  and duct- thickness- induced  veloci t ies   are   computed,  

VTXRNG i s  c a l l e d   t o   o b t a i n  the  fan   in f low  due   to   the   duc t -bound  vor t ic i ty ,  
and a new t o t a l   f a n   i n f l o w   o b t a i n e d .   T h i s   i t e r a t i v e   p r o c e s s  i s  repea ted  
unt i l   convergence  is  o b t a i n e d   f o r   a l l   t h e   f a n   a n n u l i  or  u n t i l  50 

i terat ions  have  been  completed.  

After  convergence i s  ob ta ined ,   t he  main  program c a l l s  OUTPUT which 
immedia te ly   p r in ts   ou t   the   fan   loading  and inf low  parameters .  The fo rce  
and moment c o e f f i c i e n t s   a r e  computed and ou tpu t ,  and i f  t h e   d u c t   s u r f a c e  
p r e s s u r e   c o e f f i c i e n t s   a r e   t o  be computed,  subroutine PRESS is c a l l e d .  
I n  PRESS, t he   ve loc i ty   i nduced   on   t he   duc t   r e f e rence   cy l inde r   by   a l l   t he  
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singularity  distributions  is  computed.  This  includes  the  axial  velocity 
induced by  the duct-bound  vorticity, associated  with  the  duct  at 
angle of attack.  These  induced  velocities  are  obtained  from  s&routine 
ALFRNG which  uses  equation (49) of  reference 1. After  summing  all  the 
continuous  and  discontinuous  velocity  components,  Bernoulli's  equation 
is  used to  compute  the  duct  surface  pressure  coefficients.  Control 
returns  to  OUTPUT  where  the  pressure  coefficients  are printed.  This 
completes  the  series  of  calculations  and  control  is  returned  to  the 
main  program. 

ya , 

The  above  sequence of  operatlons  is  arranged  such  that  the  calcula- 
tions  performed  by  INPUT  provide  all  the  parameters  dependent  only  on  the 
duct and  propeller  configuration.  Thus,  if  performance  of  a  given 
configuration  at a number  of  advance  ratios  or  angles  of  attack  is 
desired, an  index  is  read  from  a  card  following  completion  of  the 
calculations in  OUTPUT,  the  next  values  of J and a read,  and  control 
is  returned  to  the  part  of  the  main  program  just  after  INPUT  has  been 
called,  which  avoids  some  recomputation.  If  a  new  configuration  is  to 
be analyzed,  control  returns to the  statement  in  the  main  program 
calling  INPUT,  where  a  complete  new  case  is  read in. 

3 . 3  Use  of  Program 

The  program is written  in  Fortran IV for  the IBM 7094 computer. 
No tapes  other  than  the  standard  input  and  output  tapes  are  required. 
Typical  execution  times  are  approximately  two  minutes  for  the  first  case 
and  one  minute  for  each  additional  run  utilizing  the  same  geometry. A 
complete  description  of  the  input  and  output  is  presented  in  sections 
4 and 5 respectively,  and  a  program  listing  is  given  in  section 7. 

4. DESCRIPTION O F  INPUT 

This  section  contains  a  description of the  input  for  the  computer 
program. The information  required on  the  cards  is  described  in 
section 4.1. The  remainder of  the  subsections  below  describe  the  manner 
in  which  some  of  the  input  quantities  are  determined  for  a  given  ducted 
fan  configuration. 
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4.1  Input  Data 

The format   of   the   input   cards   making  up a normal  run is  shown i n  
f i g u r e  4. I n   t h i s   f i g u r e   t h e   v a r i a b l e  is g i v e n   a s  w e l l  as t h e   c a r d  

column i n  which   the   punching   of   the   va lue   o f   the   var iab le  i s  begun and 
the   format   in   which  it i s  punched.  In a l l   i n p u t   t h e   f o r m a t  is  set  up 

f o r   f o u r   f i g u r e s   t o   t h e   r i g h t   o f   t h e   d e c i m a l   p o i n t .  I f  more s i g n i f i -  

can t   f i gu res   a r e   r equ i r ed ,   t he   dec ima l   po in t  may be moved t o   t h e  l e f t  

some appropr i a t e  amount. As l o n g   a s   t h e  number i s  punched i n   t h e  
spec i f ied   f ie ld   o f   10   co lumns ,   the   dec imal   po in t  may be punched i n  any 
column. 

Card NO. 1 con ta ins  any a l p h a b e t i c  and  numeric  information  that  i s  

d e s i r e d   f o r   i d e n t i f i c a t i o n   p u r p o s e s .  This informat ion  is  p r i n t e d   a t   t h e  
top  of  each  page  of  output.  

Card NO. 2 contains   information  about   the  geometry  of   the  duct .  
The f i r s t   i t e m  (c/D) is  the   chord- to-d iameter   ra t io .   This   va lue   should  

be g rea t e r   t han   ze ro  and less than  about 2.5.  This  upper l i m i t  is 

approximate and i s  necessary  only  because some c o e f f i c i e n t s   b u i l t   i n t o  
t h e  program  must be e x t r a p o l a t e d   f o r  c/D > 2. The next   i tems on t h i s  
c a r d   a r e   t h e   a x i a l   l o c a t i o n   o f   t h e   f a n   w i t h i n   t h e   d u c t  (x /c) , t he  

maximum t h i c k n e s s - t o - c h o r d   r a t i o   o f   t h e   a i r f o i l   s e c t i o n   o f   t h e   d u c t   ( t / c )  , 
t he  r a t i o   o f   t h e   d u c t   r a d i u s   a t   t h e   t r a i l i n g   e d g e   t o   t h e   f a n   r a d i u s  (R/R ) , 
and t h e   r a t i o   o f   t h e   c e n t e r b o d y   r a d i u s   a t   t h e   f a n   s t a t i o n   t o   t h e   f a n   t i p  
r ad ius  (RCB/R ) ( o r   t h e   f a n   h u b - t i p   r a t i o ) .  The l a s t  i t e m  i s  t h e  
conve rgence   c r i t e r ion  ( E ) .  The i t e r a t i o n  w i l l  s t o p  when the   i n f low 
p r o f i l e s   a g r e e   w i t h i n  ex102 percent .  A suggested  range  for  E is  

P 3 

P 

P 

0.001 I E L 0.01. 
Card N o .  3 c o n t a i n s   t h e   f o u r   F o u r i e r   c o e f f i c i e n t s  (R,) of a cos ine  

s e r i e s  f i t  t o   t he   duc t   camber l ine .  If t h e   d u c t  i s  uncambered,  these 
f o u r   v a l u e s   a r e   a l l   z e r o . 4  

~. . .  - 
3 The va lue   o f   t / c   mus t   be   wi th in   the   range  0.06 5 t / c  2 0.24 

because of c o r r e c t i o n   f a c t o r s   u s e d   i n   t h e   c a l c u l a t i o n  of  duct  pres- 
s u r e   d i s t r i b u t i o n .  I f  t / c  i s  o u t s i d e   t h i s   r a n g e ,   t h e   p r e s s u r e  
d i s t r i b u t i o n  w i l l  be s l i g h t l y   i n   e r r o r ,   b u t   a l l   o t h e r   c a l c u l a t i o n s  
w i l l  b e   c o r r e c t .  

4A de ta i l ed   d i scuss ion   o f   t he  manner  of  computing  these  four  coeffi-  
c i e n t s  i s  g i v e n   i n   s e c t i o n  4 . 2 .  
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Card No. 4 con ta ins   t he   i n fo rma t ion   necessa ry   t o   de f ine  the center -  
body. The f i r s t  i t e m  i s  the centerbody  length  expressed  as a f r a c t i o n  
of the duct  chord  (JcB/c). The second i t e m  i s  t h e   l o c a t i o n   o f   t h e  
centerbody  nose  in   the  duct   coordinate   system (x,,/c). I f   t h e   c e n t e r -  
body  extends  forward  of the duct   leading  edge,  xCB/c < 0. The nex t  
item is  t h e  maximum radius   o f  the centerbody  expressed  as a f r a c t i o n  of 

the centerbody  length (rmax/lc,) and t h e   l a s t  i t e m  on t h i s   c a r d  i s  the 

x loca t ion   of  rmax ( X  ) i n  the duct   coordinate   system.  Preparat ion 

of the input  on this card  must m e e t  c e r t a i n   s p e c i f i c a t i o n s  which a r e  
d i s c u s s e d   i n   d e t a i l   i n   s e c t i o n  4.3. 

rmax 

Card No. 5 c o n t a i n s   s i x   q u a n t i t i e s .  The f i r s t ,  NBLD, is  t h e  
number of fan   b lades .  This number must be grea te r   than   zero .  The 
second i t e m ,  N Z ,  i s  the number of equal   a rea   annul i   in to   which   the   fan  
annulus i s  divided.  The l i m i t a t i o n  on NZ i s  2 NZ 1. 24. The 
t h i r d  i t e m ,  N Z P ,  i s  t h e  number o f   s t a t i o n s   i n   t h e   i n p u t   t a b l e   o f   f a n  
b l a d e   c h a r a c t e r i s t i c s .  The l i m i t a t i o n s  on N Z P  a r e  2 N Z P  1. 24. 

The next   quant i ty  i s  I R ,  t h e  number of x - s t a t i o n s   a t  which the   duc t  
s u r f a c e   p r e s s u r e   d i s t r i b u t i o n  is  t o  be ca l cu la t ed .  A t  a given  x/c, 
the p r e s s u r e   c o e f f i c i e n t  is  computed  on the i n s i d e  and ou t s ide   su r f ace  
of   the   duc t .  The value  of I R  must be i n   t h e   r a n g e  1 1. I R  2 25.' 

The next  i t e m ,  N P R E S ,  i s  an  index  which  controls  the form of   t he  s u r -  
f ace   p re s su re   coe f f i c i en t .   I f  NPRES = 1, the su r face   p re s su re   coe f f i -  
c i e n t  i s  based on free-stream dynamic pressure. I f  NPRES = 2 ,  t h e  
su r face   p re s su re   coe f f i c i en t  is  based on t h e   p r o p e l l e r  t i p  speed. The 
l a s t   q u a n t i t y ,  N P R I N T ,  i s  an output  index  which  controls the q u a n t i t y  
of  output.  For  normal  runs, N P R I N T  = 0. I f  N P R I N T  = 1, an e x t r a  
page  of   opt ional   output  i s  developed  which  contains a t a b l e  of the 

components of the inflow t o  the propel le r .   This   op t iona l   ou tput  is 
descr ibed i n  t he   ou tpu t   s ec t ion   o f   t h i s  report. Another   output   opt ion 
i s  ava i l ab le ,   bu t   t he   au tho r s  recommend t h a t  it no t  be used, a s  it is  
u s e f u l  Only for   d iagnos t ic   purposes .  If N P R I N T  = 10, a page l i s t i n g  
a l l  o f   the   Four ie r   cos ine  series c o e f f i c i e n t s  for t h e  u and v 

'The i n p u t   c o n t r o l l i n g  the p res su re   d i s t r ibu t ion   ca l cu la t ion   has   been  
set  up  fo r   ea se   o f   r epe t i t i ve   runn ing  w i t h  the same conf igura t ion .  
Consequently, I R  must be 1 or   g rea te r ,   whether  or n o t  any pres- 
s u r e s   a r e   t o  be computed. An index on the l a s t   c a r d   i n d i c a t e s  the 
requirement  for  computing  pressures.  . 
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velocities induced a t  t h e   d u c t   r e f e r e n c e   c y l i n d e r  is  p r in t ed .  If 

NPRINT = 11, both of the above  optional  pages are ou tpu t .   I n  most ca ses  
of i n t e r e s t ,  NPRINT w i l l  be i d e n t i c a l l y   z e r o .  

Card NO. 6 con ta ins  the f a n   r a d i i  ( r / R  ) a t  which t h e   b l a d e  
P 

c h a r a c t e r i s t i c s   a r e  t o  be input .   There  are  NZP e n t r i e s   i n   t h i s   t a b l e ,  
SO i f  NZP > 8, t h e  other e n t r i e s   i n   t h e   t a b l e  must be included  on 
fol lowing  cards .  For example, i f  NZP = 17, t h ree   ca rds   a r e   r equ i r ed .  

The f i r s t  two cards w i l l  have   e igh t   f i e lds   each  and the   t h i rd   ca rd   one  

f i e l d .  The values  must be p u t   i n   o r d e r   o f   i n c r e a s i n g   r a d i u s   r a t i o .  
The f i rs t  e n t r y   i n  the t ab le   shou ld  be the   va lue   o f  r / R p  a t   t h e   r o o t  

or hub,  which  nominally i s  e q u a l   t o  RCB/Rp, t h e   v a l u e  on  Card No. 2. 
The l a s t  v a l u e   i n  the t ab le   shou ld  be r / R p  = 1.0.  There  cannot be 

more than  24 e n t r i e s   i n   t h e  table. 

Card N o .  7 con ta ins   va lues   o f   t he   f an   b l ade   chord  ( b / R  ) a t   t h e  
P 

r a d i a l   s t a t i o n s   c o r r e s p o n d i n g  t o  the   va lues  on  Card No .  6 .  With  e ight  
f i e l d s   p e r   c a r d ,   t h e r e  w i l l  be a s  many c a r d s   h e r e   a s   i n   t h e  r /Rp  

case  (Card N o .  6 ) .  

Card No.  8 c o n t a i n s   t h e   f a n   b l a d e   p i t c h   a n g l e  (B)  i n   d e g r e e s   a t  
the r a d i a l   s t a t i o n s   c o r r e s p o n d i n g   t o   t h e   v a l u e s  on Card N o .  6. The 

p i t c h   a n g l e  i s  t h e   b l a d e  t w i s t  angle  measured  from  the  plane of ro t a -  
t i o n   t o   t h e   z e r o   l i f t   l i n e   o f   t h e   l o c a l  blade sec t ion .  The number of 
c a r d s   h e r e  w i l l  be t h e  same a s   t h e  number of r /Rp cards  (Card N o .  6 ) .  

Card No. 9 c o n t a i n s   t h e   b l a d e   s e c t i o n   t h i c k n e s s - t o - c h o r d   r a t i o   a t  
t h e   r a d i a l   s t a t i o n s   c o r r e s p o n d i n g   t o   t h o s e  on  Card N o .  6. The number 

o f   c a r d s   h e r e  w i l l  be the same a s   t h e  number of r / R p  cards  (Card N o .  6 ) .  

Card No.  10 con ta ins   t he   va lues  of x/c a t  which t h e   d u c t   s u r f a c e  

p r e s s u r e   c o e f f i c i e n t s   a r e   t o  be ca l cu la t ed .  This card  should  contain 
I R  va lues ,  and i f  I R  > 8, t h e   n i n t h  and succeeding  values  should be 
p u t  on   fo l lowing   ca rds   i n   t he  same format  as shown f o r  Card N o .  10 .  

The values   should be pu t   i n   a scend ing   o rde r   w i th  t h e  l i m i t a t i o n  
0 x/c 2 1.0. Since the i n n e r   d u c t   s u r f a c e   p r e s s u r e   d i s t r i b u t i o n   h a s  

a d i s c o n t i n u i t y   a t   t h e   f a n   d u e  to the   p re s su re  jump a f t   o f   t h e   f a n ,  it 

i s  d e s i r a b l e   t o   i n c l u d e  x/c   values   just   upstream and  downstream  of 
t he   f an .  N o  numerical  problem  occurs,  however, i f  the x/c value 
e x a c t l y   a t   t h e   f a n   s t a t i o n  i s  inpu t ,   s ince  the  program  uses   the   to ta l  
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pressure upstream  of the f an  t o  compute the i n n e r   d u c t   p r e s s u r e  
c o e f f i c i e n t   a t  the f a n   s t a t i o n .  

Card N o .  11 i s  t h e  l a s t  c a r d   r e q u i r e d   f o r  a pa r t i cu la r   con f igu ra -  
t i o n .  The f i r s t  i t e m  on t h i s   c a r d  i s  a r u n   i d e n t i f i c a t i o n  number, NRUN. 

The o n l y   r e s t r i c t i o n s  on NRUN a r e   t h a t  NRUN 2 9999 and NRUN # 0. 

The second  quant i ty  i s  the index NPHI, w h i c h  i s  the number of  azimuth 
s t a t i o n s   a r o u n d   t h e   d u c t   a t   w h i c h  the s u r f a c e  pressure c o e f f i c i e n t s  
a r e  t o  be ca l cu la t ed .  The l i m i t a t i o n  i s  tha t  0 5 NPHI i 5 .  I f  
NPHI = 0 ,  no   p re s su re   ca l cu la t ion  w i l l  be performed €or t h i s   r u n .  The 
n e x t   q u a n t i t y  i s  the advance   ra t io ,  J. The advance r a t i o  must be 

g rea t e r   t han   ze ro .  The duc t   ang le   o f   a t t ack ,  a ,  i n   d e g r e e s  i s  the 

next  i t e m .  The only  requirement  is  t h a t  cos a f 0. The remaining 
f i v e   f i e l d s  on the   card   should   conta in  the azimuth  angles,  $I, i n  
deg rees ,   a t   wh ich   p re s su re   d i s t r ibu t ions   a r e  t o  be ca l cu la t ed .  There 
should be N P H I  values   of  @, and due t o  t h e  symmetry  of the   f low,  
0 2 @ 2 180°. 

6 

I f   o n l y  one  run i s  t o  be made, t he   i npu t   deck  i s  complete  with 
Card No. 11. I f  t w o  o r  more runs   a r e  t o  be made, the  card  arrangement  
following  Card No. 11 fo r   s t ack ing   runs  i s  a s  follows: 

(1) If t h e  same ducted   fan   conf igura t ion  i s  t o  be i n v e s t i g a g e d   a t  
a d i f f e r e n t   a d v a n c e   r a t i o  or  a n g l e   o f   a t t a c k   o r   i f   d i f f e r e n t   v a l u e s   o f  
@ a r e   o f   i n t e r e s t ,   o n l y   o n e   a d d i t i o n a l   c a r d  is  r e q u i r e d   t o   i n i t i a t e  
t h e  new run. This ca rd   has   t he  same format  as  Card No. 11. The run 
number can  be  changed t o   i d e n t i f y   t h e  new run.  Each  succeeding  run  with 
the same conf igu ra t ion   r equ i r e s   t he   one   add i t iona l   ca rd ,  and th i s  card  
can be r epea ted   a s  many times a s   d e s i r e d .  

( 2 )  If a d i f f e r e n t   d u c t  and/or   fan  configurat ion is t o  be i n v e s t i -  
gated,   the   card  fol lowing  Card N o .  11 must be blank.  The new case  is 
then  loaded  as a deck   cons is t ing   o f   Card  N o s .  1 through 11. 

A sample s e t  o f   i n p u t   d a t a   i l l u s t r a t i n g   t h e  program op t ions  is  
shown i n   f i g u r e  6. 

-~ - - 
6 

." ~~ - " 

A value  Of J = 0 causes  numerical   problems  in the machine. TO 
compute a zero   advance   ra t io   (hover )  case, set  J = 0.01. 
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4.2 D,uct Camber and  Thickness 

The duc t   t h i ckness  and tamer a r e   r e q u i r e d  on the  second and t h i r d  
cards .  A b r i e f   d i s c u s s i o n  is  g iven  b e l o w  w i t h   r e g a r d   t o   t h e   s e l e c t i o n  

of   these   parameters .  I n  o r d e r  t o  g i v e  a r e a s o n a b l y   w i d e   l a t i t u d e   t o   t h e  
use of the  program  while a t   t h e  same t i m e  n o t   s t o r i n g  a g r e a t   q u a n t i t y  
o f   a i r f o i l   d a t a   i n   t h e   p r o g r a m ,   t h e   s p e c i f i c a t i o n s   o f   d u c t   t h i c k n e s s  
and camber w e r e  separa ted .  

The t h i c k n e s s   d i s t r i b u t i o n  is  t a k e n   t o  be t h e   l o c a l   p r o f i l e   t h i c k -  
ness  as  measured  from  the  camberline.   For  purposes  of  including  thick- 
n e s s   e f f e c t s  i n  t h e   p e r f o r m a n c e   c a l c u l a t i o n s ,   t h e   t h i c k n e s s   d i s t r i b u t i o n  
i s  spec i f i ed   w i th in   t he   p rog ram a s  t h a t  of a symmetr ical   four-digi t  
NACA a i r f o i l  wh ich   has   an   ana ly t i ca l   exp res s ion   fo r   t he   va r i a t ion   o f  
th ickness   wi th   d i s tance   a long   the   chord .  This d i s t r i b u t i o n  i s  completely 

spec i f i ed   by   one   pa rame te r ,   t he   r a t io   o f  maximum t h i c k n e s s   t o   c h o r d .  

I n   s e l e c t i n g  a v a l u e   f o r  a g iven   duc t   conf igura t ion ,  it i s  suggested 
t h a t   t h e  ( t /c)  max va lue  be chosen  which w i l l  y i e l d   t h e  best f i t   t o  
the  actual   duct   shape  a long  the  inner   forward  port ion  of   the  duct ,   whi le  
still g iv ing  a r e a s o n a b l e   f i t   o v e r   t h e   o t h e r   p o r t i o n s   o f   t h e   s e c t i o n .  
T a b l e s   o f   t h i c k n e s s   d i s t r i b u t i o n   f o r   v a r i o u s   ( t / c ) m a x   c a n  be obtained 
from  Appendix I of   re fe rence  11. 

The camber c o e f f i c i e n t s   r e q u i r e d   i n   t h e   t h i r d   c a r d   a r e  computed 
according  to   the  methods  given  below.   Figure 1 i n d i c a t e s   t h e   n o t a t i o n  

and coordinate   systems.  The axial   coordinates   are   x ,   measured  f rom 
the   l ead ing   edge   wi th   the   range  0 t o  c; 0 ,  measured  from t h e   l e a d i n g  
edge  with  the  range 0 t o  T; and x measured  from x = c/2 wi th   the  
range -c/2 t o  +c/2. The re la t ion   be tween 0 and xs i s  given  by 

S' 

COS e = -2xs/c 

The local   s lope  of   the  geometr ic   camberl ine i s  

3 

" drc - 1 Rn cos  (ne )  
dxS n= o 

(45 )  
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This   can   be   in tegra ted   to   g ive   the   camber l ine   shape   as  

r - R  
C - 

- -Ro ( 2 
1 + cos 9) (1 - cy* 5) 

C + R, 

The c a m b e r l i n e   r a d i u s   a t   t h e   t r a i l i n g   e d g e  is  i d e n t i c a l l y   t h a t   o f   t h e  
duc t   re fe rence   cy l inder ,   which   passes   th rough  the   t ra i l ing-edge   rad ius ;  
t h a t  i s ,  a t  Q =. T ,  r - R = 0. Four o ther   po in ts   a long   the   camber l ine  
must be   s e l ec t ed  and t h e i r  rc va lues   pu t   i n to   t he  above  equation t o  
obtain  four   s imultaneous  equat ions  for   the  four  Rn c o e f f i c i e n t s .  It 

i s  suggested on t h e   b a s i s  of pas t   expe r i ence   t ha t   t hese   po in t s   be  
n e a r l y   e q u a l l y   s p a c e d   f o r   b e s t   r e s u l t s ;   t h a t  i s ,  a t  x/c = 0 ,  1/4, 1/2, 

and 3/4. I f   t hese   fou r   po in t s   a r e   chosen ,   t he  Rn c o e f f i c i e n t s   c a n  be 

ca l cu la t ed  from the   fo l lowing   equat ions .  

C 

X 

I f   t h e   c a n h e r l i n e  i s  no t  w e l l  behaved  (for  example, if it should  have 
a hook nea r   t he   l ead ing   edge ) ,   fou r   o the r   va lues   o f   x / c  may be 

n e c e s s a r y   t o   g i v e   t h e   b e s t   o v e r a l l  fit t o   t h e   a c t u a l   c a m b e r l i n e .  
S e v e r a l   t r i e s  may be n e c e s s a r y   t o  select the   r i gh t   combina t ion   o f   fou r  
po in t s .  

I f   t he   duc t   has   no   camber ,   a l l   t he  % c o e f f i c i e n t s   a r e   i n p u t  
e q u a l   t o   z e r o .  
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4.3 Centerbody 

The centerbody  shape is approximated  by a Rankine  body,  figure 5. 

Because the centerbody model is  so simple, t h e r e   a r e   c e r t a i n   r e s t r i c t i o n s  
on the input .  I t  is  necessary  that   xCB/c,  rmax/.lCB, '&cy and 
x /c be input   such   tha t   the   cen terbody  ha l f - length   (d i s tance   be tween 
the nose and the po in t  of m a x i m u m  r ad ius )  i s  g r e a t e r   t h a n  the maximum rad ius ;  
t h a t  i s  

rmax 

X r - X~~ > rmax max 

or i n  terms of the nondimensional   ra t ios ,  

(+)(?) CB - (?)(e)>(%) 
The e f fec t   o f  the centerbody on the ducted  fan  performance  cannot 

be e l i m i n a t e d   e n t i r e l y  from the program,  but it can be made n e g l i g i b l y  

small   by  inputing  the  appropriate  geometry.   Thus,  if the   user   wishes  
t o  remove t h e   e f f e c t  of the  centerbody,   the  centerbody  parameters  
should be inpu t   acco rd ing   t o   t he   fo l lowing   ru l e s :  

r 
- =  0.005 

'CB 
X r X 

C C 

I f  these va lues   a re   used ,  the a rea   i n s ide   t he   f an  hub r ad ius  ( r R C B 2 )  w i l l  

be unloaded  unless i s  set  e q u a l   t o   z e r o .  I t  should be noted   tha t  
because  of  the  formulation of the  program, the leading  edge of the   cen te r -  
body  should be forward  of   the  fan  s ta t ion  in   order   to   avoid  numerical  
problems;  that  i s  

RCB 
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Genera l ly ,   in   approximat ing  the cen te rbody   shape ,   t he   u se r   shou ld   t ry   t o  
f i t  t he   po r t ion   be tween   t he   nose  and t h e   f a n   s t a t i o n  best. This w i l l  
g i v e   t h e  best r e s u l t s   f o r   t h e   i n f l o w   t o   t h e   f a n .   I f   p o s s i b l e ,   t h e   t o t a l  
length  should be approximated, b u t  i f  compromise is necessary ,   the  
port ion  ahead  of  the f an  is more i m p o r t a n t   t h a n   t h a t   a f t   o f   t h e   f a n .  
If t h e  maximum cen te rbody   r ad ius   occu r s   a f t   o f   t he   f an ,  some judgment 
must be used t o   d e c i d e  on t h e   p o s i t i o n  and va lue   o f   t he  maximum rad ius .  
Remembering tha t   t he   pu rpose   o f   t he   cen te rbody  model i s  t o  approximate 
the blockage effect  on the inf low t o  t h e   f a n ,   t h e  best centerbody model 

i s  a compromise t o   g i v e   t h e   c l o s e s t  f i t  t o   b o t h  the maximum r a d i u s  and t h e  
r a d i u s   a t   t h e   f a n   s t a t i o n .  

4.4 Fan B lade   Charac t e r i s t i c s  

A simple method t o   a c c o u n t   f o r   l o c a l   b l a d e   s t a l l  is d e s c r i b e d   i n  
r e f e r e n c e  1. This method involves  a table of  c versus  t/c 

der ived  f rom  f igure 2 ( b )  o f   re fe rence  1. This table is  b u i l t   i n t o  
Subrout ine  CLALF. I f  t he   u se r   w i shes   t o   change   t h i s   t ab l e ,   he   shou ld  
use   the   fo l lowing   procedure .  

'max 

The loca l   s ec t ion   t h i ckness - to -chord   r a t io  i s  c a l l e d   a r r a y  TCB 

wi th  10 en t r ies   ranging   f rom TCB (1) = 0 t o  TCB (10) = 0.34. The 
b l a d e   s e c t i o n  c i s  c a l l e d   a r r a y  CLMX, w i t h   1 0   e n t r i e s   c o r r e s -  

ponding t o   t h e  TCB a r ray .  The t a b l e  is  e a s i l y  changed  by  changing 
'max 

co r re spond ing   en t r i e s  of 

number of e n t r i e s  (10)  i n  
l i k e  t o  remove t h e   e f f e c t  
s e c t i o n  c1 is  cons t an t  

e v e r y   e n t r y   i n   t h e   a r r a y  
for  example,  10.0. 

cy. 

5. DESCRIPTION O F  OUTPUT 

TCB and CLMX. I t  i s  advised that  the t o t a l  
the t a b l e  be unchanged. I f  the use r  would 
o f   b l a d e   s t a l l  and  assume t h a t   t h e   b l a d e  
and e q u a l   t o  2.rr a t  any  angle   of   a t tack,  

CLMX should be set e q u a l   t o  some l a r g e  number, 

The nominal   ou tput   cons is t s   o f   th ree   pages  of data, t o  w h i c h  can 
be added  one  additional  page of op t iona l   ou tpu t .  The pages are numbered 
and  each  page  has the run. nunfber a t  the top p l u s  the i d e n t i f i c a t i o n  
information  which is punched i n   t h e   f i r s t   c a r d  of the i n p u t  deck. 
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A t y p i c a l  set of output   inc luding   one   page   of   op t iona l   ou tput  is shown 
i n   t h e   s a m p l e   c a s e   ( f i g u r e  7). 

The first page is numbered PAGE 0. It c o n t a i n s  a l i s t i n g   o f   t h e  

i n p u t   d a t a   p l u s  a table of d e f i n i t i o n s  of symbols. The i n p u t   l i s t e d  on 
t h e   l i n e   e n t i t l e d  DUCT GEOMETRY is the  duct   chord-to-diameter  r a t io  
(C/D) ,  t h e   a x i a l   p o s i t i o n   o f   t h e   f a n   s t a t i o n   a s  a f r a c t i o n  of duc t  

chord (XP/C), t h e   d u c t  maximum th ickness- to-chord   ra t io  (T/C) ,  t h e  

r a t i o   o f   t h e   d u c t   t r a i l i n g - e d g e   r a d i u s   t o   f a n   r a d i u s  (RTE/RP),  and t h e  
r a t i o   o f   c e n t e r b o d y   r a d i u s   i n  the p l a n e   o f   t h e   f a n   t o   t h e   f a n   r a d i u s  
(RCB/RP).  The n e x t   l i n e  l ists  the   geometr ic   camber   coef f ic ien ts ,  Rn. 

The next   g roup   of   da ta   ind ica tes   the   fan   b lade   geometry   input   in to   the  
program. The number o f   b l ades  is  given,  and a table of  (nondimensional) 
blade  chord (B/RP) , b l a d e   p i t c h   a n g l e  (BETA),  and thickness-to-chord 
r a t i o  (TH/CHD) versus  nondimensional  radius (R/RP) i s  given.  This 
information is  followed  by  the  centerbody  geometry  which  consists  of 
t h e   r a t i o   o f   c e n t e r b o d y   l e n g t h  t o  the   duc t   chord  (LCB/C) , t h e   a x i a l  

loca t ion   of   the   cen terbody  nose  (XCB/C),  the maximum rad ius   o f   t he  
centerbody  in   f rac t ion   of   cen terbody  length  (RMAX/LCB), and t h e   a x i a l  

l oca t ion   o f   t he  maximum r a d i u s  (X(RMAX)/C).  The n e x t   l i n e   c o n t a i n s  
the   conve rgence   c r i t e r ion  (EPSILON) .  This is  followed  by a t a b l e   o f  

synibols  and t h e i r   d e f i n i t i o n s .  

Page 1 is op t iona l   ou tpu t  (NPRINT = 1) and is so n o t e d   a t   t h e   t o p  

of  the  page. This page l ists  t h e   i n f l o w   v e l o c i t y   r e s u l t s   o b t a i n e d  
af te r   convergence   o f   the   i t e ra t ive   p rocess .   For   convenience ,   the   duc t  
c h a r a c t e r i s t i c s   p r i n t e d  on t h e   p r e v i o u s   p a g e   a r e   a g a i n   p r i n t e d   h e r e   a t  
t h e   t o p   o f   t h e   p a g e   w i t h   t h e   a d d i t i o n   o f   t h e   r a t i o   o f   t h e   f a n   d i s k   a r e a  
t o   t h e   d u c t   e x i t   a r e a  (AP/A). The next  l i n e  l i s ts  the   fou r   Four i e r  

coe f f i c i en t s   o f   t he   e f f ec t ive   camber ,  R i .  Fo l lowing   these   a re   the   duc t  
angle of a t t a c k  i n  degrees  (ALPHA), t he   advance   r a t io s  J = V/nD 
and J' = V/uR, and the   va lues   o f  J cos a and J '  cos a .  The 
fo l lowing   t ab le  l i s ts  the   induced   in f low  ve loc i ty   in   each   of   the  
annu l i  ( N ) .  A t  the   center   of   each  of   the  annul i ,   denoted R/RP, t h e  
inf low i s  made up   of   the   ve loc i t ies   induced   by   the   duc t   th ickness  (UQD/V) ,  

the   duct-bound  vort ic i ty  (UGD/V),  t h e   v o r t e x   c y l i n d e r   t r a i l i n g  from t h e  
f a n   t i p  (UG/V) , and the  centerbody (UCB/V) . The f i n a l  column i n d i c a t e s  
t h e   l o c a l   b l a d e  bound v o r t i c i t y ,  r/RV, (GAMMA/RV). The numbers i n  
parentheses  above UQD/V and UCB/V a r e   t h e   c o r r e c t i o n   f a c t o r s   f o r  

P 
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t h e   t h i c k n e s s   d i s t r i b u t i o n  and the   cen terbody,   respec t ive ly .  The l a s t  
ou tput  on the  page i s  t h e  number o f   i t e r a t i o n s  required for   convergence,  
and the   convergence   c r i te r ion .  When t h e   d u c t  i s  a t   a n g l e   o f   a t t a c k ,  
t h e   r e f e r e n c e  V i n   t h e  table is  a c t u a l l y  V cos  a or  V. 

- 

The next  page,  page 2 ,  l i s ts  t h e   f a n  and duct  performance.  Again, 
t h e   d u c t   c h a r a c t e r i s t i c s   a r e   l i s t e d   a t  the top   o f   t he   page ,   t oge the r  
w i t h  t he   ang le   o f   a t t ack  and advance r a t i o s .  The t a b l e   t h a t   f o l l o w s  
l is ts  a t  each o f   t h e   f a n   a n n u l i   c e n t e r s  (R/RP) t h e   t o t a l   i n f l o w  
v e l o c i t y  (U/V), t he   s t r eng th   o f   t he   vo r t ex   cy l inde r   shed  f r o m  t h e   o u t e r  
rad ius   o f   the   annulus  (GAM/V), the   angle  of a t t a c k   o f   t h e   b l a d e ,   i n  
degrees ,   as   measured  f rom  the  l ine of z e r o   l i f t   o f   t h e   b l a d e ,  and t h e  
t o t a l   p r e s s u r e  rise divided  by  the  f ree-s t ream dynamic  head (DELTA p/Q), 

When t h e   d u c t  i s  a t  angle   o f   a t tack ,   the   nondimens iona l   in f low  resu l t s ,  
b lade  bound v o r t i c i t y ,  and fan   p ressure  rise are   based  on v = v cos a ,  
r a t h e r   t h a n  V. Following the t a b l e   a r e   v a r i o u s   f o r c e  and moment 
coe f f i c i en t s   p receded  by  note (A) o r  (B) . The t h r u s t  and normal  force 
and moment c o e f f i c i e n t s   o p p o s i t e  (A) a re   de f ined   a s  

- 

r n  

N CN = - 
SA 

M CM = - 
SAR 

where t h e  moment c e n t e r  i s  a t  the c e n t e r   o f   t h e   d u c t  (x = c / 2 ,  r = 0). 
The c o e f f i c i e n t s   o p p o s i t e  (B)  a r e   d e f i n e d   u s i n g   t h e   f a n   r o t a t i o n a l  
speed and t i p  d iameter   as  

- N 
‘N pn2D; 

- 

M 
pn2D5 

P 
CM = - 
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The p r o p e l l e r   t h r u s t   c o e f f i c i e n t  is CTP(D). The d u c t  thrust  c o e f f i -  

c ien t  based  only on the t h r u s t  on t h e  duct-bound s i n g u l a r i t y   d i s t r i b u -  

t i o n s  is g iven   a s  CTD(P). The sum o f   t h e s e  two i s  CTDP. The duct-  
t h r u s t   c o e f f i c i e n t   i n c l u d i n g   t h e   p r e s s u r e   t h r u s t   d u e   t o   t h e   f a n   t i p  

p r e s s u r e  rise a c t i n g  on t h e   i n n e r   d u c t   s u r f a c e   a f t   o f   t h e   p r o p e l l e r  
as w e l l  a s  the t h r u s t  on the s i n g u l a r i t y   d i s t r i b u t i o n s  is  noted CTD(P)  I .  

The sum of t h i s   d u c t   t h r u s t  and t h e   p r o p e l l e r   t h r u s t  i s  noted C T D P ' .  

The normal-force  coeff ic ient  i s  CNDP and t h e  moment c o e f f i c i e n t  i s  

CMDP. 

The t h r u s t   c o e f f i c i e n t s   w i t h  and wi thou t   t he   p re s su re   t h rus t  added 
t o   t h e   i n n e r   d u c t   s u r f a c e   a r e   p r e s e n t e d  i n  t he   ou tpu t .  The r e s u l t s   i n  

r e f e r e n c e  5 show t h a t   i n c l u s i o n   o f   t h e   p r e s s u r e   t h r u s t  on t h e   d u c t   g i v e s  

better agreement   with  measured  duct- thrust   coeff ic ients  and p res su re  
d i s t r i b u t i o n s  on t h e   i n n e r   d u c t   s u r f a c e .   T h e r e f o r e ,   a l l   t h r u s t   r e s u l t s  
p r e s e n t e d   i n   s e c t i o n  9, Data   Comparisons,   include  the  pressure  thrust  

on the   duc t .   Bo th   t h rus t   r e su l t s   a r e   i nc luded   i n   t he   ou tpu t  so t h a t  
t h e   u s e r   c a n  see t h e   f u l l   e f f e c t   o f   t h e   p r e s s u r e   r i s e   a f t   o f   t h e   f a n .  

The l a s t  items on  page 2 a re   severa l   no tes .   Notes  (A) and (B) a r e  
se l f -explana tory .  The note   denoted   wi th   an   as te r i sk  ( * )  cor re sponds   t o  
a n y   a s t e r i s k   p r i n t e d   i n   t h e  table. This no te  is  p r i n t e d  t o  b r i n g   a t t e n -  
t i o n  t o  the f a c t   t h a t  the b l a d e   s e c t i o n s   a r e   s t a l l e d   i n   t h e   a n n u l i  so  
noted. 

The l a s t  page  of  output,  page 3 ,  con ta ins   t he   duc t   su r f ace   p re s su re  

d i s t r i b u t i o n   i f  it has  been  requested (NPHI  # 0 ) .  Again,   the   duct  
c h a r a c t e r i s t i c s  and f low  cond i t ions   a r e   p r in t ed   a t   t he   t op   o f   t he   page .  
The n e x t   l i n e  l i s ts  the  azimuth  angles ,  @, i n  degrees .   Direct ly   under  

the   az imuth   ang le s   a r e   t he   co r re spond ing   p re s su re   coe f f i c i en t s  on t h e  
i n s i d e  ( C P  ( I N )  ) and ou t s ide  (CP (OUT) ) sur faces   o f   the   duc t .  The 
p r e s s u r e   c o e f f i c i e n t s   a r e   b a s e d  on the   f ree-s t ream dynamic pressure  

( N P R F S  = 1) 

2 

c = 1 - (3) 
P 
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o r   t h e   p r o p e l l e r  t i p  speed (NPRES = 2)  

v2 - u2 
S c =  

P 2n2D2 
P 

a c c o r d i n g   t o   t h e   n o t e   p r i n t e d   a s  the l a s t   l i n e  on t h i s  page. 

This completes the output   for   one  complete   run.  The pages that  

follow  depend on how r u n s   a r e   s t a c k e d .   I f   t h e  same duc t  and f an  
conf igu ra t ion  is  t o  be r u n   a t  new values   of   advance  ra t io ,   angle   of  
a t t ack ,   o r   az imuth   ang le s ,   t he   add i t iona l   ou tpu t  w i l l  be t h e  same a s  
above s t a r t i n g  w i t h  page 1. If some change  has  been made i n  the 
conf igura t ion ,   then   the   comple te  se t  of  output  from  page 0 l i s t i n g   t h e  
new i n p u t   d a t a  w i l l  fol low.  

6. DESCRIPTION O F  ERROR MESSAGES AND STOPS 

A number of   error   messages and s t o p s   a r e   b u i l t   i n t o   t h e   p r o g r a m  so 
t h a t   i f   c e r t a i n   c o n d i t i o n s   o c c u r ,   t h e   c o m p u t a t i o n  w i l l  s t o p  and some 
i n d i c a t i o n  of why it w a s  stopped w i l l  be p r i n t e d  on the output .  

Immedia t e ly   a f t e r   r ead ing   i n   t he   i npu t   da t a ,   s eve ra l   checks   a r e  
made on s p e c i f i c   q u a n t i t i e s .  I f  N P H I  > 5, it is  set  e q u a l   t o  5 and 
execut ion   cont inues  w i t h  no  error  message. 

I f  t h e  number o f   p r o p e l l e r   b l a d e s  (NBLD) is l e s s   t h a n   o r   e q u a l   t o  
zero,   the  following  message i s  p r in t ed :  

"NUMBER O F  BLADES I N  ERROR, NBLD = - ~ "  
I f  t he   conve rgence   c r i t e r ion ,  E ,  is  less than  or e q u a l   t o   z e r o ,  

the  following  message i s  p r in t ed :  

"CONVERGENCE CRITERION MUST BE GREATER 0.0" 

If the   ang le   o f   a t t ack ,  a ,  is  g r e a t e r   t h a n   o r   e q u a l  t o  90°, the 
following  message is  p r in t ed :  

"ANGLE O F  ATTACK MUST BE LESS THAN 90.0 DEGREES" 

If the advance   ra t io ,  J, is less than or equal  t o  z e r o ,   t h e  
following  message is  p r in t ed :  

"ADVANCE RATIO MUST BE GREATER THAN 0.0" 
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In   Subrou t ine  CLALF the propeller b l ade   t h i ckness - to -chord   r a t io s  

a r e   t e s t e d .  If a n y   d o   n o t   f a l l   i n  the range 0.0 t/c 2 0.34, t h e  
following  message is p r in t ed :  

"THE BLADE THICKNESS-TO-CHORD RATIO IS  OUTSIDE THE RANGE 
0.0 TO 0.34" 

Two error   messages  associated  with  computat ion of a centerbody 

shape   a re  b u i l t  i n to   Subrou t ine  HUB. I f  the centerbody  geometry is 

i n p u t   s u c h   t h a t   t h e   r e q u i r e m e n t s   l i s t e d   i n   s e c t i o n  4.3 a r e   n o t  m e t ,  t h e  
following  message i s  p r in t ed :  

I' INPUT CENTERBODY DIMENSIONS I N  ERROR" 

I f   Subrou t ine  HUB is  unable   to   converge  on the   sou rce  and s i n k   l o c a t i o n s ,  
the following  message is  p r in t ed :  

"SUBROUTINE HUB UNABLE TO COMPUTE CENTERBODY 
GEOMETRY" 

I f  any o r   a l l   o f   t h e  above  messages  are   pr inted,   the   fol lowing 
message is  a l s o   p r i n t e d :  

"ERROR - EXECUTION TERMINATED" 

and the   p rogram  te rmina tes   execut ion   a t  a STOP s t a t e m e n t   i n   t h e  Main 

program. 

The above e r r o r s   a r e   d u e   t o   e r r o r s   i n   t h e   i n p u t   d a t a  and should be 

s i m p l e   t o   c o r r e c t .   I f   t h e   p r o g r a m   f a i l s   t o   c o n v e r g e  on the   i n f low 
p r o f i l e  i n  50 i t e r a t i o n s ,  two more i t e r a t i o n s   a r e  made. The r e s u l t s   o f  

i t e r a t i o n s  number 51 and 52 a re   ou tpu t ,   i nc lud ing   t he   op t iona l   page  
showing the  components   of   the   induced  inf low  veloci t ies .  The fol lowing 
messages  are   then  pr inted:  

"PROGRAM D I D  NOT CONVERGE ON INFLOW PROFILE" 

"ERROR - EXECUTION TERMINATED" 

and the   computa t ion   te rmina tes   a t   the  STOP s t a t e m e n t   i n   t h e  Main program. 

The above e r r o r  i s  r a r e  and has   occur red  i n  t he   au tho r s '   expe r i ence  
only  under   condi t ions  of   small   advance  ra t io ,  J cos a ,  and smal l   b lade  
p i t ch   ang le s .  If a l l   t h e   i n p u t   a p p e a r s   c o r r e c t ,   i n c r e a s e  J cos a by 
inc reas ing  J o r   dec reas ing  a and r e r u n   t h e  same case  again.  Also 
check  the  convergence  cr i ter ion ( E ) ,  and cons ide r   i nc reas ing  it t o  
r e l a x   t h e   t o l e r a n c e  on convergence.  Experience  has shown t h a t  E 
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shou ld   no t   be   l a rge r   t han  0.01. There is  approximately  10 percent 
d i f f e r e n c e  between f o r c e  and m o m e n t  c o e f f i c i e n t s  computed w i t h  E = '0.01 
and E = 0.10. An example of  a c a s e   t h a t   c o n s i s t e n t l y   d i d   n o t   c o n v e r g e  
was t h e  Doak duc ted   f an   ( r e f .  1 2 )  wi th  1l0 p i t c h   a t  advance   ra t ios  less 
than  0.5 i n  axial   f low.  

I f  the duct   th ickness- to-chord   ra t io  i s  o u t s i d e  the range 
0.06 2 ti/c 5 0.24, the   fo l lowing   warn ing  i s  p r in t ed :  

"DUCT PRESSURE  DISTRIBUTION  CALCULATION ASSUMES 
T/C = x .xxx" 

7. PROGRAM LISTING 

The ducted  fan  performance  analysis  program is  w r i t t e n   i n   F o r t r a n  I V  

f o r   t h e  IBM 7094 computer. The program  cons is t s   o f   the  main  program and 
20 subrout ines .  Each source  deck is i d e n t i f i e d  i n  columns 73-80 by a 
f o u r - c h a r a c t e r   i d e n t i f i c a t i o n  (NExx) i n d i c a t i n g   t h e  number of t h e  
subrout ine  and a t h r e e - d i g i t  number sequencing   the   cards   wi th in   the  
subrout ine .  The program l i s t i n g  is  given i n  the  fol lowing  pages.  The 
t a b l e  below w i l l  a c t   a s  a t a b l e   o f   c o n t e n t s   f o r   t h e   p r o g r a m   l i s t i n g .  

Proqram 

MAIN 

I N  PUT 

PKL 

ELL I PS 
LAMBDA 

HUB 

CAMBER 

PROP 

CLALF 
ARCS I N  

MATRIX 
FOURCS 
SRCRNG 
VTXRNG 

ALFRNG 
GAMCYL 

I d e n t i f i c a t i o n  

NE00 
NE01 
NE02 
NE03 
NE04 
NE05 

NE06 
NE07 
NE08 
NE09 
NE10 
N E 1 1  

N E 1  2 
N E 1 3  

NE 14  
N E 1  5 

Paqe No. 

37 
40 
44 
47 
53 
61 
63 
64 
65 
67 
68 
69 
71  
73 
77 
81 

35 



Program 

BNCOEF 

ANCOEF 

CNCOEF 

PRES s 
OUTPUT 

Identification 

N E 1  6 
NE17  

N E 1 8  

N E 1 9  

NE20  

Page N o .  

83 

84 

87 

89 

93 
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C DUCTED PROPELLER  ANALYSIS PROGRAM NE00 001 
C NE00 002 

DIMENSION 8 ( 6 1 r B S 1 6 ) r S A ( 6 ) , S A S ( 6 ) r P ( 6 , 6 )  NE00 003 
DIMENSION C ( 6 ) , A ( 2 5 r 6 ) r A S ( 2 5 r 6 ) r D ( 6 ) r D S ( 6 ) r S C ( 6 ) r G S ~ 6 ) r H ( 6 )  NE00  004 
DIMENSION R8(25)rBR1251rBTA(25),TCBLD(25),RA(25)rXPRES(25)rPHI(5) NE00 005 
DIMENSION UG(25),UOD1251,UGDI25)~UV~25)~UCB~25)~VCB(25)r NE00 006 

1 UCP(ZSr25),UCA(25)rGV(25)rGRV(25)rCPD(5,25),CPM(5,25) NE00 007 
DIMENSION A L P H A ( 2 5 ) r S T A L L ( 2 5 ) r J S T L ( 2 5 ) , T A L K ( 2 0 )  NEUO 008  

C NE00 009 
COMMON M Z L Z ~ C D ~ R O I R ~ ~ R Z ~ R ~ , P I I B I B S I S A I S A S , P  NE00 010 
COMMON/NEARl/ N R U N I N B L D ~ N Z ~ M Z ~ N P R E S I I R I N T I M E ~ N E R R ~ N P A G ~ N P ~ I ~ N P R I ~ T N E O O  0 1 1  
COMMON/NEARE/ CBAIAS~D~DS~SCIGSIH  NE00  012 
COMMON/NEAR3/ R R P r X P , Z r B L D , R B r B R r B T A I T C B L D , T C I R C B R P I A P A r A L F r X P R E S r ~ E O O  0 1 3  

1 RArXCBmXRrELCBCrRMAXIPHrrCORJICORJvCORC8 NE00  014 
COMMON/NEAR4/ U G ~ U Q D I U G D I U V ~ U C ~ ~ V C B I U G P , U C A I G V I G A M , G R V ~ C P P ~ C P M  NE00  015 
COMMON/NEAR5/ A R J ~ A R J P ~ E P S I H A D I C L , A L P H A V S T A L L ~ J S T L ~ T A L K  NE00  016 

C NE00  017 
120  FORMAT(215r7FlO.6) NE00 018 
9 9 7  FORMAT t/// lOX,42HPROGRAM  DID NOT  CONVERGE ON INFLOW PROFILE/ / / )   NE00  019 
9 9 8  FORMAT ( / / / l O X ~ Z 8 H E R R O R  EXECUTION  TERMINATED///) NE00 020  

C NE00  021 
C I N I T I A L I Z A T I O N  OF SUBROUTINES  NE00  022 
C NE00  023 

Dt"O.0  NE00  024 
M Z Z Z - 0  NE00 025 
CALL  ELLIPS (DUMeDUMeDUMI NE00  026 
C A L L  LAMBDA IDUMIDUM~DUM) NE00 027  
C A L L  PKL  (DUMBPI  NE00  028 
CALL  CLALF 10) NE00  029 
MZZZ= l  NE00 030 

C NE00 0 3 1  
PI-3.1415926  NE00 032 
RAD=lBO./PI NE00 033 

C NE00 0 3 4  
29  NERRzO NE00 035 

C A L L  INPUT  NE00 036 
I F  (NERR)   28r28r999  NE00  037 

C NE00 038 
28  CSALF-COS(ALF/RAD)  NE00  039 

A R J V = A R J  NE00  040 
ARJVP-ARJP  NE00  041 
ARJ-ARJ+CSALF NE00 042 
ARJP=ARJP*CSALF  NE00  043 
DO 30 K - l r N Z   N E 0 0  044 

30 U V ( K ) =  2.0 NE00  045 
NTIME-1  NE00  046 
CORCB12.0 NE00  047 

31  DO 32 K - l r N Z   N E 0 0  048 
BPI -RB(K) /ARJP/UV(K)   NE00   049  
ABPI=ATAN  (BPI )   NE00 050 
A L P H A ( K ) = ( A B P I - B T A ( K ) ) + R A D  NE00 0 5 1  
BPI=BPI+BPI   NE00 052 

J - K  NE00 0 5 4  
C A L L  C L A L F  ( J )  NE00 055 
I F  (NERR-1) 2 5 r 9 9 9 r 9 9 9   N E 0 0  056 

25 CONT I NUE NE00 057 
CRV(K)~O.S*CL*BR(K)+UV(K)*BPI NE00 058  

32 CONTINUE  NE00  059 

BPI-SORT  (BPI+l.O)  NE00 053 
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33 GV(NZl~GRV~NZl*BLD/PI/ARJP+lrO 
AGVI 10 
I F ( G V f N Z l ) 1 3 3 r 2 3 3 r 2 3 3  

AGVS-1 
133  GVLNZ)=-GV(NZ) 

233 GVLNZ)tAGV+SQRT ( C V ( N Z ) I - l o  
AGV- 10 
SGV=l  rO 

K-NZ-J 
L = K + l  
SGV=SGV+GV(L) 
SGVZ=SGV+SGV 
GRVD=GRV(Kl-GRV(Ll 
GRVD=CRVD+BLD/PI/ARJP 
DUM=SGVZ+GRVD 
AGV-1 00 
I F  LDUMoLTrOrOl AGVm-1.0 
GVLKl=AGV*SQRT(AGV+DUM)-SGV 

3 5  CONTINUE 
DO 3 8   N - l r 6  
S A ( N ) = O r  

DO 4 0   N - 1 9 6  
DO 3 9  M - l r M i !  
SA(NlrSA(N)+A(MrN)+GV(M) 

39 S A S ( N ) r S A S ( ~ ) + A S ( M r N ) * G V ( M )  
4 0  CONTINUE 

3 4  DO 3 5  J-lrMZ 

38  SAS(Nl=Oo 

C 
DO 4 1   N - 1 9 6  
S A ( N ) - S A ( N )  + D(N)+CORCB 

41   SAS(N)=SAS(N)  + DS(N)+CORCB 
CAM-GV(NZ) 

97 CALL CNCOEF I G A M 9 C )  
DO 1 4 1   N = l r 6  
S A ( N ) = S A ( N )  - D(N)+CORCB 

141  SAS(N)=SASLN)  - DS(N)+CORCB 
C 
C COMPUTE CORRECTION FOR LOW ADVANCE RATIOS ( C O R J )  
C 

DUM=XPRES(l)  
DUMM=RA(l)  
XPRES( l )=XP 
R A (  1 ) = l o 0  
CALL GAMCYL ( C D ~ X P , ~ , R B D U G ~ ~ ~ X P R E S ~ U G P S R R P D R A I  
I R C r - 1  
CALL VTXRNG I C D r X P r I R C r R B , C r U G D r X P R E S ~ P )  
CORJ=UGD(l)+GAM + U G P ( l r l ) + G A M  + 1.0 

I F  (CORJ.LT.1.0) CORJ=lrO 
C 
C 
C 

COMPUTE CORRECTION FOR CENTERBODY INDUCED VELOCITIES  (CORCB) 

R A L  1 ) x 0 0 0  
CALL GAMCYL ( C D r X P r l r 3 A r l J G , O r X P R E S r U G P r R R P t R A )  
I R C * l  
CALL VTXRNG ( C D r X P r I R C r H A t C t U G D r X P R E S r P )  
CORCB~UGDIl)+GAM+UGP(1rl)*GAM+loO 
DO 1 4 2   J = l  rMZ 

142  CORCR=CORCB+GV(J)/Z.O 

NE00 060 
NE00 061 
NE00 062 
NE00 0 6 3  
NE00  064 
NE00 065 
NE00  066 
NE00  067 
NE00 068 
NE00  069 
NE00  070 
N E 0 0   0 7 1  
NE00  072 
NE00  073 
NE00  074 
NE00  075 
NE00  076 
NE00  077 
NE00  078 
NE00  079 
NE00  080 
NE00   081  
NE00 082  
NE00 083 
NE00  084 
NE00  085 
NEOO 0 8 6  
NE00  087 
NE00 088  
NE00 089 
NE00 090 
N E 0 0   0 9 1  
NE00 092 
NE00 0 9 3  
NE00  094 
NE00 0 9 5  
NE00  096 
NE00 097  
NE00 0 9 8  
NE00 099 
NE00  100 
NEOO 1 0 1  
NE00  102 
NE00  103 
NEOO 1 0 4  
NE00  105 
NE00 106 
NE00  107 
NE00  108 
N E 0 0  1 0 9  
NE00  110 
NE00 111 
NE00 1 1 2  
NE00  113 
NE00 1 1 4  
NE00  115 
l \EOO 116  
NE00 1 1 7  
NE00  118 
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DELV-uv ( NZ I -UNV 
DELV=DELV/UNV 
DELV=ABS ( DELV 1 

IF(DELV-EPS1  46,46947 
UV(NZ)=LUV(NZ)+UNV)/Zo 

4 7  I R T - I R T + l  
4 6   I F f I R T )   5 0 r 6 0 r 5 0  
50  NTIME=NTIME+l 

60 C A L L  OUTPUT 

6 9  NERR=O 

6 8   I F  (NERR) 7 0 ~ 7 0 , 9 9 6  
70 READ (5,120)  NRUNsNPHIs 

ARJP=ARJ/PI/RRP 
NPAG-0 

I F  INRUN)  28,29928 

I F  ( N T I M E - 5 1 )   3 1 t 6 0 r 6 0  

IF (NT IME-51)   68e69r68  

GO T O  3 1  

IF (NPHI.GT.5)  NPHI-5 

C 
C ERROR STOP 

9 9 6  WRITE (6,9971 
999  WRITE (6 ,998 )  

STOP 

END 
C 

I F  ~CORCBaLTo1.0) CORCBm1.0 NE00 119 
XPRES(l I=DUM  NE00  120 
RA( l )=DUMM  NE00  121 

CDP=CD+RRP NE00 1 2 3  
C A L L  VTXRNG (CDPrXPrN2,RBrCrUGDrXPRESrP) NE00  124 

98  I R T = O  NE00 1 2 5  
SUHGxO NE00  126 
DO 4 2   J - l r M Z  NE00 1 2 7  

DO 4 5   J = l r M Z   N E 0 0   1 2 9  

SUMG=SUMG-GV(J) NE00   131  
DELV=UV(J)-UNV NE00 1 3 2  
DELV=DELV/UNV NE00 1 3 3  
DELVIABS ( D E L V I  NE00 1 3 4  
IF lDELV-EPS)   45 t45 r44   NE00   135  

4 4  I R T - I R T + l  NE00  136 
4 5   U V ( J ) = I U V ( J ) + U N V ) I Z .  NE00 1 3 7  

J=NZ  NE00  138 
U N V ~ l . + f U C ~ J ~ * C A M ~ + ~ U G D ~ J ~ + C A M ) + U Q D ~ J ) * C O R J + U C 8 ~ J ~ ~ C O R C B  NE00 1 3 9  

NE00 140 
NE00 1 4 1  
NE00  142 
NE00  143 
NE00 144 
NE00 145  
NE00  146 
NE00  147 
NE00 1 4 8  
NE00  149 
NE00 1 5 0  
NE00   151  
NE00  152 
NE00 1 5 3  
NE00 1 5 4  
NE00  155 
NE00  156 
NE00  157 
NE00  158 
NE00  159 
NE00 160 
NE00 161 
NE00  162 
NE00 1 6 3  
NE00 164 
NE00 1 6 5  

C NE00  122 

. .  

4 2  SUMG-SUMG+CVIJI NEOO 1 2 8  

U N V ~ 1 ~ + ~ U G l J ~ * G A M ~ + ~ U G D l J ~ ~ G A M ) + U O D I J ~ * C O R ~ + U C B l J ~ ~ C O R C B + S U M G / 2 o O  NE00  130 

A R J  rALF * (PH 
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SUBROUTINE  INPUT NEOl  001 
C NE01   002  

DIMENSION 8 ( 6 ) r B S 1 6 ) * S A ( 6 1 r S A S ( 6 ) , P ( 6 , 6 )  N E 0 1   0 0 3  
DIMENSION C ( 6 ) r A ( 2 5 r 6 l r A S ( 2 5 r 6 ) r D ( 6 ) , D S ( 6 ) * S C ( 6 ) , C S ( 6 ) * H ( 6 )  N E O l   0 0 4  
DIMENSION R B ( ~ 5 ) r B R ( 2 5 ) r B T A 1 2 5 ) , f C B L D ( 2 5 ) r R A ( 2 5 ) , X P ~ E S ( 2 5 ) * P H I ( 5 )  N E 0 1   0 0 5  
DIMENSION U C ( 2 5 l r U Q D ( 2 5 ) * U G D ( 2 5 ) , U V ( 2 5 ) , U C B ( 2 5 ) r V C B ( 2 5 ) ,  N E O l   0 0 6  

1 U G P ( 2 5 , 2 5 ) * U G A ( 2 5 ) r G V ( 2 5 ) r G R V ( 2 5 ) , C P P ( 5 r 2 5 ) r C P M ( 5 r 2 5 )  NE01  007  
DIMENSION A L P H A ( Z S ) r S f A L L ( 2 5 ) r J S T L ( 2 5 ) , T A L K ( 2 0 )  NEOl  008 
DIMENSION  RE(4)   NEOl   909 

C hEO1  010 
COMMON M Z Z Z I C D ~ R O ~ R ~ ~ R ~ ~ R ~ ~ P I I B I B S I S A ~ S A S ~ P  NE01 011 
COMMON/NEARl/ N R U N ~ N B L D I N Z ~ M Z ~ N P R E S ~ I R ~ N T I M E , N E R R , N P A G ~ ~ P H I ~ N P R I N T N E O ~  012  
COMMON/NEAR2/ CrA*AS*DtDS,SC*GS,H  NEOl  013 
COMMON/NEAR3/ R R P , X P , Z ~ B L D I R B I B R I B T A , T C B L D I T C I R C B R P I A P A ~ A L F , X P R ~ S , N E O ~  014 

1 R A ~ X C B s X R r E L C B C r R M A X ~ P H I ~ C O R J ~ C O R C B  NEOl   015 
COMHON/NEAR4/ UG*UQDIUGD,UV,UCBIVCBIUGPIUGP,UGAMIGRV,CPP,C~~.I NEOl   016 
COMMON/NEAR5/ ARJ*ARJP*EPS*RADICLIALPHABSTALL~JSTL*TALK NE01  017  

C NE01   018  
101 F O R M A T ( l 5 H l  RUN N U M B E R I I ~ ~ ~ ~ X I ~ H P A G E ~ I ~ / / )  NEOl   019  
102 FORMAT(1ZH  INPUT/SX,65HDUCT GEOMETRY... C /D  XP/C NEOl  020 

1 T I C  RTE/RP  RCB/RP)  NEOl  021 
1 0 3  FORMAT(lOX,ZOHCAMBER COEFFICIENTSt~4F10.6 / / )   NEOl  022 
104 FORMAT(5X*22HPROPELLER GE0METRYo.r ~ I ~ ~ ~ X B ~ H B L A D E S / / )  NEOl   023 
105 FORMAT(25X*34HR/RP  B/RP BETA  TH/CHD 1 NEOl   024  

107 FORMAT(lOXr66HR/RP  RADIAL PROPELLER STATION I N  FRACTION OF PRNEOl  026 
lOPELLER  RADIUS)  NEOl  027 

108 FORMAT(lOXt57HB/RP PROPELLER CHORD I N  FRACTION OF PROPELLER RNEOl  028 
1ADIUS)   NEOl  029 

109 FORMAT(lOX*36HBEtA PROPELLER PITCH I N  DEGREES) NEOl 030 
110 FORMAT (10Xr5OHTH/CHD PROPELLER  BLADE THICKNESS-TO-CHORD H A T I 0 ) N E O l   0 3 1  
111 FORMAT (/5X*22HCENTERBODY G E O M E f R Y . . . 2 X 5 H L C B / C , 5 X 5 H X C B / C I 3 X B H R M A X / N E O l  032  

I L C B ~ ~ X ~ H X ( R M A X ) / C / Z ~ X S ~ F ~ O ~ ~ )  NEOl   033 
112 FORMAT (/SX*35HCONVERCENCE CR1TERION.e. EPSILON  =~F7 .51   NEOl   034  
114 FORMAT (10XlHVPXZOHFREE STREAM VELOCITY)  NEOl 0 3 5  
122  FORMAT( lOX*31HU TOTAL  INFLOW VELOCITY)  NEOl   036 
124 FORMAT(lOX*48HGAM/V STRENGTH OF INTERNAL VORTEX CYLINDER N )   N E O l   0 3 7  
1 2 5  FORMAT(lOXm34HALPHA ANGLE  OF ATTACK*  DEGREES) NEOl 038 
1 2 6  FORMAT11OXr6OHDELTA P / Q   R I S E   I N  TOTAL PRESSURE ACROSS PROPELLER NONE01 0 3 9  

lRMALIbED/25Xt31HON FREE STREAM DYNAMIC  PRESSURE) NEOl   040 
127 FORMAT(~OXIS~HCTP(D) THRUST COEFFICIENT ON PROPELLER I N  THE DUCNEOl 0 4 1  

1T  1 NEOl   042  
128  FORMAT(lOXr40HCTD(P) THRUST COEFFICIENT ON  THE DUCT)  NEOl  043 
129 FORMAT(lOXt34HCTDP TOTAL THRUST COEFFICIENT)  NEOl 044 
130 FORMAT(lOX,65HCTD(P)' THRUST COEFFICIENT ON  DUCT INCLUDING  PRESSNEOl  045 

1URE THRUST ON/25Xe29HTHE DUCT AFT OF THE PROPELLER)  NEOl  046 
1 3 1  FORMAT ( lOXe60HCTDP' TOTAL THRUST COEFFICIENT  INCLUDING  PRESSUNEOl  047 

1RE  THRUST)  NEOl  048 
1 3 2  FORMAT (10X940HCNDP TOTAL NORMAL  FORCE COEFFICIENT)  NEOl   049 
1 3 3  FORMAT (10Xv43HCMDP  TOTAL  PITCHING MOMENT COEFFICIENT1  NEOl  050 
1 3 4  FORMAT ( 1 0 X * 2 3 H J  ADVANCE RATIO)   NEOl   051  
1 3 5  FORMAT (10X*43HJ '   RATIO OF V TO PROPELLER T I P  SPEED1 NEOl   052 
148  FORMAT(20A4)  NEOl  053 
149 FORMAT( lOX*2OA4/ / )   NEOl   054 

106 FORMAT ( / 5 X * 4 7 H D E F I N I l I O N  OF SYMBOLS USED I N  TABULAR OUTPUT...//) NEOl   025  

C NEOl   055 
2 4 0  FORMAT ( F 1 0 . 3 ~ F 8 . 3 r F 1 0 . 4 r F B ~ 3 ~ F 8 ~ 4 ~ 2 ( 2 X ~ l P E 1 2 ~ 5 ) )  NEOl   056 
2 4 1  FORMAT f I 1 0 * 6 F l O r 6 )  NEOl   057  
2 4 4  FORMAT 15X*6 (1PE13 .6 ) )  NEOl   058  
250  FORMAT(20X*5F10*6 / / )  NEOl   059  
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2 5 1  F O R M A T ~ 2 0 X ~ 2 F 1 0 0 6 r F 1 0 0 3 ~ F 1 0 ~ 5 ~  
5 2 0  FORMAT (215,7F10*4)  

NE01 
NE01 

521 FORMAT (8F10.4)  NE01 
522  FORMAT (1015)   NE0  I 

C NE01 
7 5 0  FORMAT (/// lOXs33HNUMBER OF BLADES I N  ERROR, NBLD  =,I51  NE01 
7 5 1  FORMAT (///lOX*46HCONVERGENCE  CRITERION MUST BE GREATER  THAN 0 0 0 )  NE01 
752  FORMAT ( / / / lOXs46HANGLE OF ATTACK MUST BE LESS THAN 9 0 0 0  DEGREES) NE01 
7 5 3  FORMAT (/ / / lOX*38HADVANCE  RATIO MUST BE GREATER THAN 0 0 0 )  

C 
20 READ (5,148)  TALK 

READ (5,521)  CD,XP*TCIRRP,RCBRPIEPS 
READ ( 5 n 5 2 1 )  RO,Rl,R2,R3 
READ ( 5 r 5 2 1 1  ELCBC,XCB,RMAX*XR 
READ ( 5 r 5 2 2 )  NBLDINZ,NZPIIR~NPRES,NPRINT 
READ ( 5 9 5 2 1 )  I R B ( J ) r J = l , N Z P )  
READ ( 5 r 5 2 1 )  I B R I J ) , J = l r N Z P )  
READ ( 5 9 5 2 1 )  ( B T A ( J ) r J = l , N Z P )  
READ ( 5 r 5 2 1 1  ( T C B L D ( J ) r J = l r N Z P )  
READ ( 5 r 5 2 1 )  IXPRES(N) ,N= le IR)  
READ 15,520) NRUNvNPHI*ARJ*ALF*(PHI(J)*J=l*51 

C 
C CHECK INPUT DATA 
C 

I F   ( N P H I * G T D ~ )   N P H I = 5  
I F  (NBLD)   700e700r701 

NERR= 1 
700  W R I T E  16m750) NBLD 

7 0 1  fF  (EPS)   702,702r703 
702  WRITE 1 6 ~ 7 5 1 )  

NERR=l 
7 0 3   I F  (ALF-90.01  704r7059705 
705 WRITE ( 6 r 7 5 2 )  

7 0 4   I F  ( A R J )  7 0 6 r 7 0 6 e 7 0 7  
706  WRITE (6,753)  

7 0 7   I F  ( N E R R )   7 0 8 r 7 0 8 r 9 9 9  
708 CONT I NUE 

NERR=l 

NERR- 1 

NPAG=O 
WRITE ( 6 r 1 0 1 )  NRUNtNPAG 
WRITE ( 6 ~ 1 4 9 )  TALK 

C 
C I N I T I A L I Z A T I O N  OF SUBROUTINES 
C 

MZZZ-0 
C A L L  HUB ( C D , X R I X C B , E L C B C I R M A X ~ I R * X P R E S ~ R B , R R P I U C B ~ V C B )  

. 060 
, 061 
I 0 6 2  
I 0 6 3  
, 064 
. 0 6 5  
. 066 
I 0 6 7  

I F  (NERRoGED 
CALL ALFRNC 
DO 2 2  J m l r 6  
H(J)=UGA(J+6 

22   GS(J )=UGA(J )  
C A L L  PRESS 
MZZZ= l  
Z=NZ 
MZ=NZ-l 

1) GO TO 999  
~CDI~O,SCIUGA,XPRES) 

CALL  PKL  (CD*P) 
ARJP=ARJ/PI/RRP 
BLDrNBLD 

NEOl 0 6 8  
NEOl 0 6 9  
NEOl 070 
NEOl 0 7 1  
NEOl 072  
NEOl 0 7 3  
NE01 0 7 4  
NEOl 0 7 5  
NEOl 0 7 6  
NEOl 0 7 7  
NEOl 0 7 8  
NEOl 079  
NEOl 0 8 0  
NEOl 0 8 1  
NEOl 082  
NEOl 0 8 3  
NEOl 0 8 4  
NEOl 085  
NEOl 0 8 6  
NEOl 0 8 7  
NEOl 088  
NEOl 0 8 9  
NEOl 0 9 0  
NEOl 0 9 1  
NE01 092  
NEOl 0 9 3  
NEOl 0 9 4  
NEOl 095  
NEOl 0 9 6  
NEOl 0 9 7  
NEOl 098  
NEOl 099  
NEOl 1 0 0  
NEOl 1 0 1  
NEOl 1 0 2  
NEOl 1 0 3  
NEOl 1 0 4  
NEOl 105  
NEOl 106  
NE01 1 0 7  
NEOl 108  
NEOl 109 
NE01 1 1 0  
NEOl 111 
NEOl 1 1 2  
NEOl 113  
NEOl 1 1 4  
NEOl 115  
NEOl 116  
NEOl 1 1 7  
NEOl 118 
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APA*lr / fRRP*RRPJ-(RCBRP*RCBRP/RRP/RRPJ 
WRITE (6,102) 
WRITE  16,250J CD,XP,TC*RRPtRCBRP 
WRITE ( 6 r 1 0 3 )   R 0 1 R l r R 2 e R 3  
WRITE (6,104) NBLD 
WRITE (6,104)  
DO 2 1  J-1 rNZP 

WRITE (6,111) ELCBC,XCBeRMAX*XR 
WRITE ( 6 r 1 1 2 J  EPS 

2 1  WRITE (6,251) R B ( J J a B R ( J ) r B T A ( J ) r T C B L D ( J )  

C 
C COMPUTE INDUCED CAMBER COEFFICIENTS 
C 

CALL CAMBER fCDeTCsREJ 
RO-RO-RE(1) 
R l r R l - R E f Z J  
RZ-RZ-RE(3) 
R3-R3-RE14) 

WRITE (6,106) 
WRITE ( 6 9 1 0 7 )  
WRITE ( 6 r l O 8 1  
WRITE (6,109) 
WRITE (6,110) 
WRITE (6,114)  
WRITE (6,122)  
WRITE (6,1341 
WRITE 1 6 9 1 3 5 )  
WRITE ( 6 9 1 2 4 )  
WRITE (6,125) 
WRITE (6,126) 
WRITE 16,127) 
WRITE (6,128)  
WRITE (6,129) 
WRITE (6,130)  
WRITE 1 6 ~ 1 3 1 )  
WRITE (6,132) 
WRITE (6,133) 

C 

C 
C COMPUTE THE FOURIER  COEFFICIENTS DUE TO THE CENTERBODY 
C 

MZZZt-1 
N=50 
C A L L  HUB ( C D , X P , X C B I E L C B C I R M A X , N I X P R E S , R B I R R P I U C B ~ V C B )  
M Z Z Z =  1 
DO 4 0   K - 1 9 6  
D ( K ) = V C B ( K )  

4 0   D S ( K ) = U C B ( K )  
C 

C 
C COMPUTE  THE CONSTANT PORTION OF THE INFLOW PROFILE 
C 

CALL PROP (NZPIRBIBRIBTA*TCBLDIRRPIRCBRP,NZ,RA) 

CDP=CD*RRP 
CALL GAMCYL (CDPIXP,NZ,HBIUG,OIXPRES~UGPIRRPIRA) 
CALL SRCRNG ICD,XP~TCINZ~RBIUOD) 
CALL HUB ( C D I X P I X C B I E L C B C ~ R M A X ~ N Z * X P R E S I R B ~ R R P I U C B O V C B )  

C 
C COMPUTE  THE FOURIER  COEFFICIENTS DUE TO THE TRAILING V O R T I C I T Y  

NEOl  119 
NEOl 120 
NEOl  121 
N E O l   1 2 2  
N E O l   1 2 3  
N E O l   1 2 4  
NEOl   125  
N E O l   1 2 6  
N E O l   1 2 7  
N E 0 1   1 2 8  
N E O l   1 2 9  
N E O l   1 3 0  
N E O l   1 3 1  
NEOl   132  
NEOl   133  
NE01   134  
NEOl   135 
NEOl   136 
NEOl   137 
NEOl   138 
NEOl   139  
N E 0 1   1 4 0  
NE01 141 
NEOl   142 
NE01  143 
NEOl 144 
NEOl   145  
NEOl 146 
NEOl   147  
N E O l   1 4 8  
NEOl 149 
N E O l   1 5 0  
N E O l   1 5 1  
NEOl   152  
NE01   153  
NEOl   154  
NEOl   155 
NEOl   156  
NEOl   157 
NEOl   158 
N E 0 1   1 5 9  
N E 0 1   1 6 0  
N E O l   1 6 1  
NE01   162  
NEOl   163 
NE01 164 
NEOl   165 
NEOl   166  
NEOl   167  
NEOl   168 
NEOl   169  
N E 0 1   1 7 0  
N E 0 1   1 7 1  
NEOl   172 
NEOl   173 
NEOl   174  
NEOl   175 
N E O l   1 7 6  
NEOl   177 
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C 
CRBN=CD*2 0 

CALL BNCOEF tCRBN9B) 
NOUT = 6 
N - 5 0  
NCYL=NZ-l 
CALL ANCOEF (NCYL~N~RAIXPICD*RRPINRUN,OIBS,A .AS)  
DO 30 KSlrNZ 
BR(K)-BR(K)/RRP 
RB(K)-RB(K)/RRP 
BTA(K)=90eO-BfA(K) 

30 B T A ( K ) - B T A ( K ) / R A D  
999 RETURN 

END 

NEOl 178  
NEOl 179 
NEOl 180  
NEOl 1 8 1  
NE01 182  
NEOl 183 
NEOl 184 
NEOl 185 
NEOl 186 
NEOl 187  
NEOl 188 
NE01 189 
NEOl 1 9 0  
NEOl 191 

43 



C 

C 

C 

2 

10 
C 

C 

C 

NE02 001 
NE02  002 
NE02 003 
NE02 004 
NE02  005 
NE02 006 
NE02 007 
NE02  008 
NE02  009 
NE02  010 
NE02  011 
NE02  012 
NE02  013 
NE02  014 
NE02  015 
N E 0 2  016 
NE02  017 
NE02  018 
NE02  019 
NE02  020 
NE02   021  
NE02  022 
NE02  023 
NE02  024 
NE02  025 
NE02  026 
NE02  027 
NE02  028 
NE02 0 2 9  
NE02 030 
NE02 0 3 1  
NE02  032 
NE02  033 
NE02 034 
NE02  035 
NE02  036 
NE02  037 
NE02 038 
NE02 0 3 9  
NE02  040 
NE02  041 
NE02  042 
NE02  043 
NE02  044 
NE02 045 
NE02  046 
NE02  047 
NE02  048 
NE02  049 
NE02 050 
NE02  051 
NE02  052 
NE02 0 5 3  
NE02  054 
NE02  055 
NE02  056 
NE02  057 
NE02  058 
NE02  059 
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NE02  060 
NE02   061  
NE02  062 
NE02  063 
NE02  064 
NE02  065 
NE02  066 
NE02  067 
NE02  068 
NE02  069 
NE02  070 
NE02  071 
NE02  072 
NE02  073 
NE02  074 
NE02  075 
NE02  076 
NE02  077 
NE02  078 
NE02  079 
NE02  080 
NE02  081  
NE02  082 
NE02  083 
NE02 0 8 4  
NE02  085 
NE02  086 
NE02  087 
NE02 0 8 8  
NE02  089 
NE02  090 
NE02   091  
NE02  092 
NE02  093 
NE02  094 
NE02  095 
NE02  096 
NE02  097 
NE02  098 
NE02  099 
NE02  100 
NE02 101 
NE02  102 
NE02  103 
NE02  104 
NE02  105 
NE02  106 
NE02  107 
NE02 108 
NE02  109 
NE02  110 
NE02 111 
NE02  112 
NE02  113 
NE02 114 
NE02  115 
NE02 116 
NE02  117 
NE02  118 

4 5  



e 

A ( l r l r 7 )  0 2 6 6 2 4  
A ( l r 3 r 7 )  0 1 2 1 4 6  
A ( 1 ~ 5 r 7 )  0 0 1 2 1 4  
A ( t t l e 7 )  0 5 3 2 4 8  
A ( 2 9 2 9 7 )  * 0 3 8 8 9 1  
A ( 2 r 4 r 7 )  =-011898 
A ( 2 r 6 9 7 )  =-000429 
A ( 3 r l r 7 )  6 0 2 4 5 3 3  
A ( 3 9 3 e l )  0 1 8 4 6 8  
A ( 3 ~ 5 1 7 )  =-006210 
A ( 4 t l r 7 1  = 0 0 4 6 6 2  
A 1 4 * 2 r 7 )  =-003871 
A ( 4 r 4 r 7 )  = 0 0 9 5 6 3  
A ( 4 r 6 r 7 )  *-e03416 
A ( 5 v l e 7 )  0 0 0 7 3 8  
A ( 5 r 3 t 7 )  =-002992 
A ( 5 r 5 r 7 )  = 0 0 5 2 7 0  
A ( 6 r l r 7 )  =-000194 
A 1 6 r 2 r 7 )  =-e00088 
A ( 6 9 4 r 7 )  n-001916 
A ( 6 t 6 e 7 )  0 0 2 9 9 8  

C (  1) r o o 0  
C t 2 ) = 0 0 2 5  
C (  3 ) = 0 0 5 0  
C ( 4 ) = 0 0 7 5  
C ( S ~ = l . 0 0  
C 1 6 ) = 1 0 5 0  
C ( 7 1 t 2 . 0 0  
GO TO 7 1  

C 

C 
1 DO 20 J - 1 9 7  

I F ( C I J ) - C D )   2 0 r 1 9 r Z 1  
20 CONTINUE 

GO TO 2 1  
19  M = J  

GO T O  1 0 0  
2 1  M = J - 1  

N= J 
DELT=C(NI-C(MI 
DIFF-CD-CIM) 
DELTA=DIFF/DELT 
DO 3 0  K z l r 6  
DO 3 0  L f l r 6  
P ( K * L ) = A ( K t L t M ) + ( D E L T A * ( A ( K I L I M ) ) )  

30 CONTINUE 
GO T O  7 1  

1 0 0  00 40 K m l r 6  
DO 40 L f l r 6  
P ( K I L ) = A I K ~ L I M )  

4 0  CONTINUE 
7 1  RETURN 

END 
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NE02  119 
NE02  120 
N E 0 2   1 2 1  
NE02  122 
NE02  123 
NE02  124 
NE02  125 
NE02  126 
NE02  127 
NE02  128 
NE02  129 
NE02  130 
NE02 1 3 1  
NE02  132 
NE02  133 
NE02  134 
NE02  135 
NE02 1 3 6  
NE02  137 
NE02  138 
NE02  139 
NE02 1 4 0  
NE42   141  
NE02  142 
NE02  143 
NE02  144 
NE02  145 
NE02  146 
NE02 147 
NE02 1 4 8  
NE02 149 
NE02  150 
NE02   151  
NE02  152 
NE02  153 
NE02 1 5 4  
NE02  155 
NE02  156 
NE02  157 
NE02  158 
NE02  159 
NE02  160 
N E 0 2   1 6 1  
NE02  162 
NE02  163 
NE02  164 
NE02  165 
NE02  166 
NE02  167 
NE02  168 
NE02  169 
NE02 1 7 0  
NE02   171  



SUBROUTINE ELLIPS  1AKSOrTKrTE) 
C 
C SUB. E L L I P S  -0 TABLE LOOK-UP OF ELLIPTIC  INTEGRALS 
c 

DIMENSION CKK~100)rCKf100)rCE~lOO) 

I F  ( H Z Z Z )  7 3 r 1 0 r 3  
COMMON nzzt 

10 CONT I NU€ 
C 

C 
C CKK = ARGUMENT OF ELLIPTIC  INTEGRALS 

CKKt 1) 0000  
CKKt 2 )   0 0 1  
CKKf 3 )   0 0 2  
CKK( 41  = 0 0 3  
CKK( 5 )  004 
CKKt 6 )  0 0 5  
CKKf 7 )  = 006 
CKK( 8 )  0 0 7  
CKK( 9 )  = 0 0 8  
CKKf 10) 0 0 9  
CKK( 11) = 0 1 0  
CKK( 1 2 )  = 011 
CKKf 13) 012 
CKK( 1 4 )  = 013  
CKKt 1 5 )  = 0 1 4  
CKKf 1 6 )  = 0 1 5  
CKKf 1 7 )   0 1 6  
CKKf 1 8 )   0 1 7  
CKKf 1 9 )   0 1 8  
CKK( 2 0 )  = 0 1 9  
CKK( 2 1 )   0 2 0  
CKK( 2 2 )  = 0 2 1  
CKK( 2 3 )   0 2 2  
CKK( 2 4 )   0 2 3  
CKK( 2 5 )  0 2 4  
CKKf 2 6 )   0 2 5  
CKKf 2 7 )   0 2 6  
CKKf 2 8 )   0 2 7  
CKKI 2 9 )  028 
CKK( 30) 0 2 9  
CKK( 3 1 )  e 3 0  
CKKf 3 2 )  = 0 3 1  
CKKf 3 3 )  = 0 3 2  
CKK( 3 4 )  = 033 
CKKf 3 5 )  0 3 4  
CKK( 3 6 )  = 0 3 5  
CKK( 3 7 )  = 036 
CKKf 3 8 )  = 037 
CKKf 3 9 )  0 3 8  
CKK( 4 0 )  = 039  
CKK( 4 1 )   0 4 0  
CKK( 4 2 )  0 4 1  
CKKf 4 3 )   0 4 2  
CKK( 4 4 )  = 0 4 3  
CKK( 45 )   044  
CKKf 461 = 045 
CKKf 4 7 )   0 4 6  
CKK( 4 8 )   0 4 7  

NE03 001 
NE03 002 
NE03 003 
NE03 004 
NE03 005 
NE03  006 
NE03 007 
NE03 008 
NE03 009 
NE03  010 
NE03 011 
NE03  012 
NE03 0 1 3  
NE03  014 
NE03 015 
NE03  016 
NE03  017 
NE03  018 
NE03  019 
NE03  020 
N E 0 3   0 2 1  
NE03  022 
NE03  023 
NE03  024 
NE03  025 
NE03  026 
NE03  027 
NE03  028 
NE03  029 
NE03 030 
NE03  031  
NE03 032 
NE03  033 
NE03  034 
NE03  035 
NE03  036 
NE03  037 
NE03  038 
NE03  039 
NE03  040 
NE03  041 
NE03  042 
NE03 0 4 3  
NE03  044 
NE03 045 
NE03  046 
NE03  047 
NE03 048 
NE03  049 
NE03 0 5 0  
N E 0 3   0 5 1  
NE03   052  
NE03  053 
NE03  054 
NE03 055 
NE03  056 
NE03 057 
NE03 058  
NE03 059 
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CKK( 491 e 4 8  
CKKf 5 0 1  = e49 
CKKf 511 = e 5 0  
CKK( 5 2 1  e51 
CKKf 531 = e52 
CKKt 54) = e 5 3  
CKKl 551 e54 
CKKf  56) = e55 
CKK( 571 e56 
CKKf 581 = e57 
CKKt 59) e 5 6  
CKK( 601 e59 
CKK( 61) e60 
CKK( 62) = e61 
CKKf  631 e62 
CKKf 64) e63 
CKKf 65) 064 
CKKf 661 e65 
CKK( 671 e 6 6  
CKK( 68) = e67 
CKKf 691 e68 
CKKf 701 = 069  
CKKf 711 = 070 
CKKf 721 e71 
CKKf 73) e72 
CKKf 741 073 
CKKf 75) * e74 
CKKf 76) = e75 
CKK( 77) e76 
CKK( 78) e77 
CKK( 79) e78 
CKKf 8 0 )  = e79 
CKK( 81) e 8 0  
CKK( 8 2 )  = e 8 1  
CKKI 8 3 )  = e82 
CKK( 841 e83 
CKK( 85) e84 
CKK( 86) e 8 5  
CKK( 87) 086 
CKKf 881 e87 
CKK( 89) = e 8 8  
CKK( 901 089 
CKK( 91) e90 
CKK( 92) e91 
CKKf 93) 092 
CKK( 941 093 
CKK( 95) e94 
CKK( 96) 095 
CKKf 971 e96 
CKK( 981 e97 
CKKl 991 a98 
CKK(1001 e99 

C 
C CK = COMPLETE ELLIPTIC INTEGRALS OF FIRST KIND 
c 

CK( 1 I 1.570796 
CK( 2 1  le574746 
CK( 31 1.578740 
CK( 41 = 1.582780 

NE03 060 
NE03 061 
NE03 062 
NE03 063 
NE03 064 
NE03 065  
NE03 066 
NE03 067 
NE03 068 
NE03 069 
NE03 070 
NE03 071 
NE03 072 
NE03 073 
NE03 074 
NE03 075 
NE03 076 
NE03 077 
NE03 0 7 8  
NE03 079 
NE03 080 
NE03 081 
NE03 082  
NE03 083 
NE03 084 
NE03 0 8 5  
NE03 086 
NE03 087 
NE03 088 
NE03 089 
NE03 090 
NE03 091 
NE03 092  
NE03 093 
NE03 094 
NE03 095 
NE03 096 
NE03 097 
NE03 098 
NE03 099 
NE03 100 
NE03 101 
NE03 102 
NE03 103 
NE03 104 
NE03 105 
NE03 106 
NE03 107 
NE03 108 
NE03 109 
NE03 110 
NE03 111 
NE03 112 
NE03 113 
NE03 114 
NE03 115 
NE03 116 
NE03 117 
NE03 118 
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C K f  5 )  1.586868 
C K f  6 )  1.591003 
C K f  7 )  = l a 5 9 5 1 8 8  
C K f  8 )  1.599423 
C K I  9 )  1 8 6 0 3 7 1 0  
C K (  10) l a 6 0 8 0 4 9  
C K f  11) f l a 6 1 2 4 4 1  
C K I  1 2 )  1.616889 
C K f  1 3 1  = 1.621393 
C K f  14) l a 6 2 5 9 5 5  
C K f  1 5 )  = 1.630576 
C K (  16) 1 1.635257 
C K f  1 7 1  1.640000 
C K (  1 8 )  1.644806 
C K f  19) = l a 6 4 9 6 7 8  
C K t  201 1.654617 
C K f  2 1 )  1 1.659624 
C K (  2 2 )  = 1.664701 
C K (  2 3 )  1.669850 
C K f  2 4 )  = l a 6 7 5 0 7 3  
C K f  2 5 )  l a 6 8 0 3 7 3  
C K f  2 6 )  = 1.685750 
C K (  271  l a 6 9 1 2 0 8  
C K (  2 8 )  1.696749 
C K f  2 9 )  = 1.702374 
C K (  30) 1.708087 
C K f  3 1 )  1.713889 
C K I  3 2 )  = 1.719785 
C K (  3 3 )  = l a 7 2 5 7 7 6  
C K (  3 4 )  1.731865 
C K (  3 5 )  1.738055 
C K (  3 6 )  = 1.744351 
C K (  3 7 )  r 1.750754 
C K (  3 8 )  1.757269 
C K (  391 = 1.763898 
C K (  4 0 )  1.770647 
C K (  4 1 )  = 1.777519 
C K (  4 2 )  = 1.784519 
C K (  4 3 )  = 1.791650 
C K (  4 4 )  1.798918 
C K (  4 5 )  = 1.806328 
C K (  4 6 )  1.813884 
C K (  4 7 1  = 1.821593 
C K (  4 8 )  = 1.829460 
C K (  4 9 )  9 l a 8 3 7 4 9 1  
C K (  5 0 )  f 1.845694 
C K (  5 1 )  1.854075 
C K (  5 2 )  1.862641 
C K (  5 3 )  1.871400 
C K f  5 4 )  1.880361 
C K (  5 5 )  = 1.889533 
C K (  5 6 )  1.898925 
C K (  5 7 )  = 1.908547 
C K (  5 8 )  1.918410 
C K I  5 9 )  1.928526 
CKL 6 0 )  f 1.938908 
C K I  6 1 )  1.949568 
C K (  62) = 1.960521 
C K (  6 3 )  = 1.972783 

NE03 119 
NE03 120 
NE03 121 
NE03  122 
NE03  123 
NE03  124 
NE03  125 
NE03  126 
NE03  127 
NE03  128 
NE03  129 
NE03  130 
NE03 1 3 1  
NE03  132 
NE03  133 
NE03  134 
NE03  135 
NE03  136 
NE03  137 
NE03  138 
NE03  139 
NE03  140 
NE03 1 4 1  
NE03  142 
NE03  143 
NE03  144 
NE03  145 
NE03  146 
NE03  147 
NE03  148 
NE03  149 
NE03  150 
NE03 1 5 1  
NE03 152  
NE03  153 
NE03  154 
NE03  155 
NE03  156 
NE03  157 
NE03  158 
NE03  159 
NE03  160 
NE03 1 6 1  
NE03  162 
NE03  163 
NE03 164 
NE03 1 6 5  
NE03 166 
NE03  167 
NE03  168 
NE03  169 
NE03  170 
NE03 1 7 1  
NE03 172  
NE03  173 
NE03 1 7 4  
NE03  175 
NE03  176 
NE03  177 
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C K (  6 4 )  = 1.983371 
CK( 6 5 )  1.995303 
C K l  6 6 )  2.007598 
C K (  6 7 )  = 2.020279 
C K (  6 8 )  = 2.033369 
CK(   69 )  2.046894 
C K (  7 0 )  = 2.060882 
C K I  7 1 )  = 2.075363 
C K (  721 2.090373 
C K (  7 3 )  2.105948 
C K (  7 4 )  2.122132 
C K (  7 5 )  * 2.138970 
CK( 7 6 )  2.156516 
C K (  7 7 )  = 2.174827 
C K (  7 8 )  2.193971 
CK(  7 9 )  = 2.214022 
C K (  8 0 )  2.235068 
C K (  8 1 )  2.257205 
C K I  8 2 )  2.280549 
CK(  83)  2.305232 
C K (  8 4 )  2.331409 
C K (  8 5 )  = 2.359264 
C K (  8 6 )  = 2.389016 
C K t  8 7 )  = 2.420933 
C K (  88) 2.455338 
CKt 8 9 )  2.492635 
C K (  9 0 )  2.533335 
C K (  91) = 2.578092 
C K (  9 2 )  2.627773 
C K (  9 3 )  2.683551 
C K (  9 4 )  * 2.747073 
C K (  9 5 )  = 2.820752 
C K (  9 6 )  2.908337 
C K (  9 7 )  = 3.016112 
C K (  9 8 )  = 3.155875 
C K (  99) I: 3.354141 
C K ( 1 0 0 )  3.695637 

C 
C CE = COMPLETE E L L I P T I C  INTEGRALS OF SECOND KIND 
C 

C E (  1 1  1.570796 
CE( 2 )  = 1.566862 
CE( 3 )  = 1.562913 
CE( 4 )  1.558948 
CEL 5 )  = 1.554969 
C E (  6 )  = 1.550973 
C E (  7 )  = 1.546963 
C E (  8) = 1.542936 
C E (  91 = 1.538893 
C E (  10) = 1.534a33 
CE( 11) 1.530758 
C E (  1 2 )  = 1.526665 
C E (  13) = 1.522555 
C E (  1 4 )  = 1.51842a 
C E (  1 5 )  1.514284 
C E (  161 = 1.510122 
C E (  1 7 )  1.505942 
CE( 1 8 )  = 1.501743 
C E (  1 9 )  = 1.497526 

NE03 1 7 8  
NE03  179 
NE03  180 
N E 0 3   1 8 1  
NE03  182 
1YE03 1 8 3  
NE03   184  
NE03 1 8 5  
NE03 186 
NE03  187 
NE03  188 
NE03  189 
NE03 190 
NE03 191 
NE03  192 
NE03  193 
NE03 194 
NE03  195 
NE03  196 
NE03 197 
NE03  198 
NE03 199 
NE03  200 
NE03   201  
NE03  202 
NE03 203 
NE03  204 
NE03  205 
NE03  206 
NE03  207 
NE03 208 
NE03  209 
NE03  210 
NE03   211  
NE03  212 
NE03  213 
NE03  214 
NE03  215 
NE03  216 
NE03  217 
NE03  218 
NE03  219 
NE03  220 
NE03 2 2 1  
NE03  222 
NE03  223 
NE03  224 
NE03  225 
NE03  226 
N E 0 3  2 2 7  
NE03  228 
NE03  229 
NE03  230 
NE03 2 3 1  
NE03  232 
NE03  233 
NE03  234 
&E03  235 
NE03  236 
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CEf 201 = 1.493290 
CE( 211 = 1.489035 
CEf 221 = 1.484761 
CEf 2 3 )  az 1 .480466  
CE( 2 4 )  1.476152 
CEf 251 2 1.471818 
CE( 2 6 )  * 1.467462 
CEf 2 7 )  = 1.463086 
CEf 2 8 )  1 .458688  
CEf 2 9 )  = 1.454269 
CEf 3 0 )  f 1 .449827  
CEI 3 1 )  * 1 .445363  
CEf 32) = 1.440876 
CE( 331 = 1 .436366  
CEf 341 2 1.431832 
CEf 3 5 )  * 1 .427274  
CEf 3 6 )  1 .422691  
CEf 3 7 )  1.418083 
CEI 38) = 1.413450 
CEf 3 9 )  1 .408791  
CE( 40) = 1.404105 
CEf 4 1 )  1.399392 
CE( 4 2 )  = 1.394652 
CEf 4 3 )  1.389883 
CEI 4 4 )  1 .385086  
CE( 4 5 )  1.380259 
CEf 4 6 )  = 1.375402 
CE( 4 7 )  1.370515 
CEf 4 8 )  = 1 .365596  
CEf 4 9 )  1 .360645  
CEI  5 0 )  2 1.355661 
CEf 5 1 )  2 1 .350644  
CE( 5 2 )  1.345592 
CEf 5 3 )  1 .340505  
CE( 5 4 )  = 1.335382 
CEf  5 5 )  1.330223 
CEf 5 6 )  1 .325024  
C E f  5 7 )  = 1.319788 
CEf 5 8 )  2 1 .314511  
CEt 5 9 )  = 1.309192 
CE( 601 = 1.303832 
CE( 611 1.298428 
CE( 621 1 .292979  
CE(  6 3 )  = 1 .2874a4  
CEf 6 4 )  = 1.281942 
CEf 6 5 )  1 .276350  
CEf 6 6 )  = 1.270707 
CE( 6 7 )  1.265013 
CE( 681 = 1.259263 
CEf 691 1.253458 
CE( 7 0 )  1.247595 
CEf 7 1  1 = 1.241671 
CEf 7 2 )  = 1 .235684  
CEI 7 3 )  1 .229632  
CE( 741 = 1.223512 
CE( 751 1.217321 
CEf 761 1 .211056  
CE( 7 7 )  1.204714 
C E ~  7 8 )  = 1.19a290 

NE03 2 3 7  
HE03 2 3 8  
f i t03 2 3 9  
NE03  240 
NE03  261 
NE03  242 
NE03  243 
NE03  244 
NE03  245 
NE03  246 
NE03  247 
NE03 248 
NE03  249 
NE03  250 
NE03  251 
NE03  252 
NE03  253 
NE03  254 
NE03  255 
NE03  256 
NE03  257 
NE03  258 
NE03  259 
NE03  260 
NE03  261 
NE03 262 
NE03  263 
NE03  264 
NE03  265 
NE03  266 
NE03  267 
NE03  268 
NE03  269 
NE03  270 
NE03  271 
NE03  272 
NE03  273 
NE03  274 
NE03  275 
NE03  276 
NE03  277 
NE03  278 
NE03  279 
NE03  280 
NE03  281 
NE03 282  
NE03  283 

NE03 285  
NE03 286  
NE03 287 

NE03 2 8 9  
NE03 2 9 0  
NE03 2 9 1  
NE03 292  
NE03 2 9 3  
NE03 2 9 4  
NE03 295 

N E O ~  2 e 4  

N E O ~  2 8 a  
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CE(   79 )  10191781 
CE( 801 1.185183 
C E (   8 1 )  1.178490 
CEt  821 10171697 
CEt 8 3 )  1.164798 
CEt 84) - 1.157787 
C E I  8 5 )  - 1.150656 
CE( 861 1.143396 
CE(   87 )  1.135998 
CE( 8 8 )  - 1.128451 
CE( 891 1.120742 
CE( 9 0 1  * 1.112856 
CE(  91) 1.104775 
C E t   9 2 )  1.096478 
CE( 9 3 )  - 1.087938 
CE( 94) l o 0 7 9 1 2 1  
CE(  951 1.069986 
CE( 96) 1.060474 
CEt   97 )  1.050502 
C E (  9 8 1  1.039947 
CE( 99) = 1 0 0 2 6 5 9 5  
C E ( 1 0 0 1  1.015994 

GO T O  3 0  
C 

3 I F ( A K S O I . 9 9 ) 2 0 * 2 0 * 2 1  
2 1  PARA-O.25*(l*O-AKSQ) 

700 TEST 1.00E-07 
I F ( P A R A ~ T E S T ) 7 0 1 , 7 O Z I f O Z  

701 PARAXTEST 
702  ZLP=ALOC(4e/PARAl 

T K - Z L P ~ O . S * ( l . + P A R A ) - P A R A  
TE=l.O+(ZLP*PARAl-PARA 
GO TO 3 0  

JA- 1 + J A  
I F ( C K K ( J A l - A K S Q 1 2 2 * 2 3 , 2 2  

23  TKxCK(JA1 
TE-CE I J A )  
GO TO 3 0  

TK-CK~JA)+CON*(CK(JA+ll-CK(JAll 
TE=CE(JAl+CON*(CE~JA+ll-CE(JA~l 
GO T O  30 

20 JA=lOO*O*AKSQ 

22  C O N ~ ~ A K S Q - C K K ~ J A ) l / ~ C K K ~ J A + l l - C K K I J A ) l  

73  IF(AKSQ-.01)721,721,720 
7 2 1  PARA=o25*AKSO 

GO T O  700 
7 2 0  AKSO=l.-AKSQ 

GO TO 2 0  
3 0  CONTINUE 

RETURN 
END 

NE03  296 
NE03  297 
NE03  298 
NE03  299 
NE03 300 
NE03  301 
NE03 302 
NE03  303 
NE03 304 
NE03  305 
NE03 306 
NE03  307 
NE03  308 
NE03  309 
NE03  310 
NE03  311 
NE03  312 
NE03 313 
NE03 3 1 4  
NE03  315 
NE03  316 
NE03  317 
NE03  318 
NE03  319 
NE03  320 
NE03  321 
NE03  322 
NE03  323 
NE03  324 
NE03  325 
NE03  326 
NE03  327 
NE03  328 
NE03  329 
NE03 330 
NE03  331 
NE03  332 
NE03  333 
NE03  334 
NE03  335 
NE03  336 
NE03  337 
NE03  338 
NE03  339 
NE03  340 
NE03  341 
NE03  342 
NE03  343 
NE03  344 
NE03  345 
NE03  346 
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C 
C 
C 

10 
C 
C 
C 

C 
C 
C 

C 
C 
C 

SUBROUTINE LAMBDA (XPnZPrYP) 

TABLE LOOK-UP OF HEUMAN LAMBDA FUNCTION 

DIMENSION Y ( 1 9 r 1 9 1 s X f 1 9 ~ r Z ~ 1 9 1  
COMMON MZZZ 
I F  f M Z Z Z )  20,lOt20 
CONT I NUE 

X = ARCSIN K [DEGREES) 

X f  1 ) -  0.000000 
X f  2 ) -  5 0 0 0 0 0 0 0  
X (  3)- 10.000000 
X (  4 ) =  150000000 
X (  SI= 2 0 0 0 0 0 0 0 0  
X (  6 ) =   2 5 0 0 0 0 0 0 0  
X (  7 ) s  300000000 
X f  8 1 s  350000000 
X f  9 ) =  4 0 0 0 0 0 0 0 0  
X ( l O l =  4 5 0 0 0 0 0 0 0  
X ( l l ) =  50.000000 
X f12 )=   55 .000000  
X ( 1 3 ) m  60m000000 
X ( 1 4 ) =   6 5 0 0 0 0 0 0 0  
X 1 1 5 ) -  7 0 0 0 0 0 0 0 0  
X f 1 6 ) -  7 5 0 0 0 0 0 0 0  
X ( 1 7 ) =  80.000000 
X ( 1 8 ) =  8 5 0 0 0 0 0 0 0  
X ( 1 9 ) -  900000000 

2 = BETA (DEGREES) 

Z( l ) =  0.000000 
Z( 2 ) =  5 0 0 0 0 0 0 0  
Z (  3 ) =  10.000000 
LI 4 ) =   1 5 . 0 0 0 0 0 0  
Z( 5 ) -  20.000000 
Z( 6 1 1  250000000 
21 7 ) =  30 .000000  
Z( 8 ) =  35.000000 
Z( 9 ) =  400000000 
Z(lO)= 45.000000 
Z l l l ) =  50.000000 
Z ( 1 2 ) =  5 5 0 0 0 0 0 0 0  
Z(13)- 60.000000 
Z f l 4 ) *  65.000000 
Z ( l S ) =  70.000000 
Z ( 1 6 ) =  75.000000 
2 ( 1 7 ) =  80.000000 
2 ( 1 8 1 =  85m000000 
Z f 1 9 ) =  90.000000 

Y - HEUMAN LAMBDA FUNCTION 

Y (  1, 1 ) +  0.000000 
Y (  l r  2)s 0087156  
Y f  1 r  3 1 s  0 1 7 3 6 4 8  
Y (  l r  4 1 %  0 2 5 8 8 1 9  

NE04 001 
NE04 002 
NE04 003 
NE04 004 
NE04  005 
NE04 006 
NE04 007 
NE04 008  
NE04 009 
NE04 010 
NE04 011 
NE04 012 
NE04 013 
NE04 014 
NE04 015 
NE04 016 
NE04  017 
NE04 018 
NE04  019 
NE04 020 
NE04 0 2 1  
NE04 022 
NE04 023 
NE04  024 
NE04 025 
NE04 026 
NE04 0 2 1  
NE04 028 
NE04 029  
NE04 030 
NE04 031 
NE04 032 
NE04 033 
NE04  034 
NE04 035 
NE04 036 
NE04 037 
NE04 038 
NE04  039 
NE04  040 
NE04 041 
NE04 042 
NE04  043 
NE04 044 
NE04  045 
NE04  046 
NE04  047 
NE04  048 
NE04  049 
NE04  050 
NE04 051 
NE04 052  
NE04 053 
NE04  054 
NE04  055 
NE04 056 
NE04  057 
NE04 058 
NE04 059 
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e 3 4 2 0 2 0  
e422618  
e 5 0 0 0 0 0  
e573576  
e642788  
e707107  
e 766044 
e 8 1 9 1 5 2  
e866025  
e 9 0 6 3 0 8  
e939693  
e965926  
e984808  
e996195  

l e  000000 
0eOOOOOO 

e086990  
0173318  
e258327  
e 3 4 1   3 7 0  
e421815 
e499050  

572487  
e641567  
e705765  
e764592 
e 8 17600  
e864388 
e904599  
e937930  
e 9 6 4   1 3 5  
e983037  
e 9 9 4 6 2 4  

l e  000000 
0.000000 

e086495 
e 172332  
e256858 
e339430  
e419419 
0496219  
e 5 6 9 2 4 4  
m637940 
e701786  
a 760298  
a 8 1 3 0 3 4  
e859602 
e 899660  
e932934  
e959244  
e978597  
e 9 9 1 5 1 1  

1.000000 
0.000000 

e085677  
e 170704  
a 254434  
e336231  

Y (  4 r  6 ) ~  e415475 

NE04 060 
NE04 061 
NE04  062 
NE04 063 
NE04 064 
NE04  065 
NE04 066 
NE04 067 
NE04  068 
NE04  069 
NE04 070 
N E 0 4   0 7 1  
NE04  072 
NE04  073 
NE04   074  
NE04  075 
NE04   076  
NE04 O f ?  
NE04  078 
NE04  079 
NE04 080 
N E 0 4   0 8 1  

NE04  083 
NE04   084  
NE04  085 
N E 0 4   0 8 6  
NE04  087 
NE04  088 
N E 0 4   0 8 9  
NE04 090 
NE04 091 
NE04   092  
NE04  093 
NE04 094 
NE04  095 
NE04 096 
NE04  097 
NE04  098 
NE04 099 
NE04 100 
NE04 101 
NE04 102 
NE04  103 
NE04 104 
NE04  105 
NE04  106 
NE04 107 
NE04  108 
NE04  109 
NE04  110 
NE04 111 
NE04  112 
NE04  113 
NE04 114 
NE04  115 
NE04 116 
NE04  117 
NE04  118 

N E O ~  oaz 
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e491565 
e563926 
e632010 
e695307 
e753346 
e805703 
0852010 
e 89  1969 
e925384 
e952226 
e972787 
e988015 

1.000000 
0 ~ 0 0 0 0 0 0  

e084549 
e 168458 
e251092 
e331827 
e410054 
e485184 
e 556657 
0623939 
e666540 
0744012 
e 795963 
0842073  

e916018 
94391 8 

a966343 
e984410 

1.000000 
0. 000000 

e083124 
e 165625 

246882 
0326288 
e403252 
e477203 
e547600 
e613936 
e675748 
e732623 
e 7 8 4 2 2 0  
e 830282 
e870676 

90544 1 
e 934867 
e959607 
e980779 

1 ~ 0 0 0 0 0 0  
0 ~ 0 0 0 0 0 0  

e081425 
e 162247 
e 241  870 
e 3 19707 
e395191 
0467777 

.e82119 

NE04  119 
NE04 120 
NE04 1 2 1  
NE04 122 
NE04 123 
NE04 124 
NE04 125 
NE04 126 
NE04 127 
NE04 128 
NE04 129 
N€04 130 
NE04 1 3 1  
NE04 132 
NE04 133 
N€O4 134 
NE04 135 
NE04  136 
NE04 137 
NE04  130 
NE04 139 
NE04  140 
NE04 1 4 1  
NE04 142 
NE04 143 
NE04 144 
NE04 145 
NE04 146 
NE04 147 
NE04 140 
NE04 149 
NE04  150 
NE04 151 
NE04 152 
NE04 153 
NE04 154 
NE04 155 
NE04 156 
NE04 157 
NE04 158 
NEOS 159 
NE04  160 
NE04 161 
NE04 162 
NE04 163 
NE04 164 
NE04 165 
NE04 166 
NE04 167 
NE04 168 
NE04 169 
NE04 170 
NE04 1 7 1  
NE04 172 
NE04 I ? )  
NE04 174 
NE04 175 
NE04 176 
tE04 177 
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0602244  
0663225 
0719533  
0 7 7 0 8 8 3  

8 17093  
0 8 5 8 1 1 7  
0 8 9 4 0 9 5  

9 2 5 4 0 9  
0 9 5 2 7 5 1  
0977159  

l o  000000 
0 0 000000 

079476  
158377  

0236134  
0 3 1 2 1 9 2  
0 3 8 6 0 1 3  
0457086 

524935  
0589127 
0 6 4 9 2 8 9  

7 0 5 0 9 4  
0756337  
0802903 

844820  
882297  

0915757 
a945873 
0973573 

lo000000 
0 a 000000 

0077307  
154073  
229767  

0 3 0 3 8 6 9  
0 3 7 5 8 8 0  
0 4 4 5 3 3 0  
a 5 11786  
0 5 7 4 8 6 2  
0 6 3 4 2 3 1  
0689642 

740932  
a788051  
a831085 

870277 
0906056 

939042 
0970039 

1 0 000000 
0 0 000080 

0074953 
14940  8 

a 222878 
294884 
364976  

0432729 
497760 

0559735 
0 6 1 8 3 8 1  

NE04  178 
NE04  179 
NE04  180 
NE04   181  
NE04  182 
NE04  183 
NE04  184 
NE04  185 
NE04  186 
NE04  187 
NE04  188 
NE04  189 
NE04  190 
NE04   191  
NE04  192 
NE04  193 
NE04  194 
NE04  195 
NE04  196 
NE04  197 
NE04  198 
NE04  199 
NE04 200 
NE04  201 
NE04  202 
NE04  203 
NE04  204 
NE04  205 
NE04  206 
NE04  207 
NE04  208 
NE04  209 
NE04  .210 
NE04  211 
NE04  212 
NE04  213 
NE04  214 
NE04  215 
NE04  216 
NE04  217 
NE04  218 
NE04  219 
NE04  220 
NE04  221 
NE04  222 
NE04  223 
NE04  224 
NE04  225 
NE04  226 
NE04  227 
NE04  228 
NE04  229 
NE04  230 
NE04  231 
NE04  232 
NE04  233 
NE04  234 
NE04  235 
NE04  236 
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a 6 7 3 5 0 1  
a724985  

a917155  
a 8 5 8 2 1  7 
a 8 9641 9 
a 9 3 2 3 1 1  
a966576  

1 a 000000 
0.000000 

a072455  
a 1 4 4 4 6 4  
a 2 l 5 S 8 7  
a285399  

3 5 3 5 0 0  
a419519  

b 7 7 2 8 3 0  

b483125  
b 544038  
a602038  
a656976  

a 7 5 7 4 9 6  
b708785  

b e 0 3 2 4 1  
a 846269  
a 886942  
a 9 2 5 7 3 1  
a 9 6 3 2 0 4  

1 b 000000 
0 b 000000 

a 0 6 9 8 6 1  
a 1 3 9 3 3 4  
e 2 0 8 0 3 4  
a275597  
a341676  
b405958  
b468167  
a528076  
a585512 
a 6 4 0 3 6 9  
e692612  
e 7 4 2 2 9 1  
b789537  
be34576  
b877717  
e919353  

1 a 000000 
b 9 5 9 9 4 4  

0 b 000000 
bo67226  
b 1 3 4 1 2 6  
a 200380  
b 265684  
a 3 2 9 7 5 1  
a 392 3 2  8 
a453192  

a 569122  
a623985  
a676745 

b512167  

NE04 2 3 7  
NE04 238  
NE04 2 3 9  
NE04 2 4 0  
NE04 2 4 1  
NE04 242  
NE04 243  
NE04 2 4 4  
NE04 245 
NE04 2 4 6  
NE04 2 4 7  
NE04 2 4 8  
NE04 2 4 9  
NE04 2 5 0  
NE04 2 5 1  
NE04 2 5 2  
NE04 2 5 3  
NE04 2 5 4  
NE04 255  
NE04 2 5 6  
NE04 2 5 7  
NE04 2 5 8  
NE04 2 5 9  
NE04 260  
NE04 2 6 1  
NE04 262  
NE04 2 6 3  
NE04 2 6 4  
NE04 265 
NE04 2 6 6  
NE04 2 6 7  
NE04 268  
NE04 2 6 9  
NE04 2 7 0  
NE04 2 7 1  
NE04 272  
NE04 2 7 3  
NE04 2 7 4  
NE04 275 
NE04 276  
NE04 2 7 7  
NE04 278  
NE04 2 7 9  
NE04 280  
NE04 2 8 1  
NE04 282  
NE04 283  
NE04 2 8 4  
NE04 285 
NE04 2 8 6  
NE04 2 8 7  
NE04 288  
NE04 289  
NE04 290  
NE04 2 9 1  
NE04 292  
NE04 2 9 3  
NE04 2 9 4  
NE04 295 
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0727455  
0776237 
me23283 
0 8 6 8 8 4 6  
0 9 1 3 2 4 0  
0956826  

1 0  000000 
00000000 

0064614  
0 128968  
e192809  
0255897 
0 3 18009  
0 3 78946  
0 43854  1 
e 4 9 6 6 6 1  
0 5 5 3 2 1 4  
0608153 
0 6 6 1 4 8 0  
b713246  
0 763552  
0812552 
a860443 

907464  
0953885 

1 e 000000 
0 4 000000 

0 062 100 
0 124009  

185540  
2 4 6 5 1  7 
b306778 
0366180 
0 4 2 4 6 0 4  
e481959 
0538183 
0593247 
0647159 
a 69996  1 
e751731  
0802581  
0852654 
4 902   119  
a951166 

1 0 000000 
00 000000 

e059779 
e 119433  
0 178839  
e237883 
e296459 
0354475 
0 4 1 1 8 5 7  
b466546 
a524506 
0 5 7 9 7 2 1  
4634200 
e687973 

NE04 296 
NE04 297 
NE04 298 
NE04  299 
NE04 300 
NE04  301  
NE04  302 
NE04 303 
NE04  304 
NE04 305  
NE04  306 
ME04 307 
NE04 300 
NE04 309 
NE04 310 
NE04 3 1 1  
NE04  312 
NE04  313 
NE04 314  
NE04 315 
NE04 316 
NE04  317 
NE04  318 
NE04 319  
NE04 320 
NE04 3 2 1  
NE04  322 
NE04  323 
NE04 3 2 4  
NE04  325 
NE04  326 
NE04  327 
NE04 328  
NE04 329 
NE04 330 
NE04  331  
NE04 332 
NE04 333 
NE04  334 
NE04 335 
NE04 336 
NE04 337 
NE04 338 
NE04 339 
NE04 340 
NE04  341  
NE04  342 
NE04 343  
NE04  344 
NE04 345 
NE04  346 
NE04  347 
NE04 340 
NE04  349 
NE04 350 
NE04  351 
NE04 352 
NE04  353 
NE04 354  
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a793624 
a 845669  
0897332 
0948733 

1 0 000000 
00000000 

0057773 
a 11 5479  
0 173054  
0 230436  
0 2 8 1 5 7 1  
0344410 
0400915 
0457055 
e512813 
0568181  
0623166 
0677782 
0 732059 
0 786036 
0 839759  
0893286 
0946677 

1 0  000000 
00000000 

0056256 
0 112490  

0 2 2 4 8   1 4  
0280867 
0 336826  

392679 
0448417 
0504034 
a559529 
0 6 1490 3 
0670162 
0 725315 
a 780373 
0835352 
0 890270  
0945145 

1 ~ 0 0 0 0 0 0  
00000000 

a055556  
0111111 
0 166667  
0222222 
0 277778 

0 388889  

0 500000 
0555556 
0 6 1 1 1 1 1  
0 666667  

0 168682  

0 3 3 3 3 3 3  

b444444  

0722222 
0777778 
0833333 

NE04 355 
NE04 356 
NE04 3 5 7  
NE04 350 
NE04 3 5 9  
NE04 3 6 0  
NE04 361 
NE04 3 6 2  
NE04 363 
NE04 3 6 4  
NE04 365 
NE04 366 
NE04 367 
NE04 368 
NE04 3 6 9  
NE04 3 7 0  
NE04 3 7 1  
NE04 372 
NE04 373 
NE04 3 7 4  
NE04 375 
NE04 376 
NE04 3 7 7  
NE04 378 
NE04 3 7 9  
NE04 360 
NE04 3 8 1  
NE04 382 
NE04 363  
NE04 384  

NE04 386  
NE04 387  
NE04 388 

NE04 390 
NE04  391 
NE04 392 
NE04 393 
NE04  394 
NE04  395 
NE04  396 
NE04 397 
NE04 398 
NE04 399 
NE04  400 
NE04 401 
NE04  402 
NE04  403 
NE04  404 
NE04  405 
NE04  406 
NE04 407 
NE04  408 
NE04 409 
NE04 410 
NE04 411 
NE04  412 
NE04  413 

N E O ~  385 

N E O ~  389  
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Y(19s17)- 0888889 
Y ( 19 s 18 1 0944444 
Yf19r19)- 10000000 

GO TO 90 
20 DX - 5 0 0  

02 - 5.0 

C 

' f NX-XP/DX 
N-FNX 
N-N+l 
FNZ-ZP/DZ 
M=FNZ 
M-M+ 1 
Cl=(ZP-Z(Ml)/DZ 
C2-(XP-X(N)I/DX 
A=(Y(N,M+l)-Y(NrM))+Cl 
E-(Y(N+lsM)-Y(NsM))+C2 
D ~ C 1 + C 2 * ( Y ~ N + l r M + 1 1 - Y f N + l s M ~ + Y ( N ~ M ~ ~ Y ~ N s M + l ~ l  
YP-YfNsM)+A+B+D 

90 RETURN 
END 

NE04  414 
NE04  415 
NE04  416 
NE04  417 
NE04  418 
NE04  419 
NE04  420 
NE04  421 
NE04  422 
NE04  423 
Nc04  424 
NE04  425 
NE04  426 
NE04  427 
NE04 428 
NE04  429 
NE04  430 
NE04  431 
NE04  432 
NE04  433 
NE04  434 
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SUBROUTINE HUB I C D e X R e X C B e E L C B C e H e I R e X e R B e R R P e U ~ V )  
C 
C CALCULATION OF VELOCITIES INDUCED BY THE CENTERBODY 
C ** CENTERBODY IS REPRESENTED AS A RANKINE BODY ** 
C 

DIMENSION X(25)rRB(25)eU(25)eV(25)~FU(5O)~fV(5O)eD~6)~DS(6) 
COMMON MZZZ 

C 
700  FORMAT ( / / / lOXe36HINPUT CENTERBODY DIMENSIONS I N  ERROR///) 
7 0 1  FORMAT (/ / / lOXe52HSUBROUTINE HUB UNABLE TO  COMPUTE CENTERBODY 

l E T R Y / / /  1 

I F  ( M Z Z Z )  3,192 
1 XIZ=(XR-XCB)/ELCBC 

C 
C COMPUTE LOCATION OF POINT SOURCE 
C 

I F  1x12-HI  10110111 
10  NERR=l 

C 
C ERROR MESSAGE 

WRITE 161700)  
RETURN 

11 H2+H*H 
X I 2 2 = X I Z * X I Z  
A=XI  2-H 
DO 2 0   J = l r Z O  
AA=XIZ*HZ*SQRT(A*A + H 2 )  
AA=XIZ2-SORT(AA) 
AA=SQRT(AA) 
DEL=ABS(AA-A)/AA 
IF (DEL-oOOl )   30e30e19 

1 9   A = ( A A + A ) / 2 *  
20 CONTINUE 

C 
C ERROR MESSAGE 
C 

WRITE ( 6 r 7 0 1 )  
NERR=l 
RETURN 

3 0  A = A A  
E M V ~ ( ( X I Z ~ - A + A ) * + Z I / ( ~ O * X I Z * A )  
RETURN 

2 I F  ( I R )  100e1001200  
C 

C 
C COMPUTE VELOCITIES INDUCED A T  THE  DUCT REFERENCE CYLINDER 

100 W=Om5/CD/ELCBC 
NX=-I R 
DO 4 0   J f l e N X  
XI=X(J)-XCB-XIZ*ELCBC 
X I=X I /ELCBC 

35 XPA-XI+A 
XMA=X I-A 

3 4  RXPA=SQRTIXPA*XPA + W + W )  
RXMA=SORTlXMA*XYA + W * W )  
RXPA3=RXPA**3 
RXMA3=RXMA*+3 
ulJ)=EMV*IXPA/RXPA3 - X M A / R X M A J )  

NE05 0 0 1  
NE05 002 
NE05 0 0 3  
NE05 0 0 4  
NE05 0 0 5  
NE05 006 
NE05 007 
NE05 008 
NE05 0 0 9  

GEOMNEO5 010 
NE05  011 
NE05  012 
NE05  013 
NE05  014 
NE05  015 
NE05  016 
NE05 017 
NE05  018 
NE05  019 
NE05  020 
NE05 0 2 1  
NE05  022 
NE05  023 
NE05  024 
NE05  025 
NE05  026 
NE05  027 
NE05 028  
NE05  029 
NE05 030 
NE05  031 
NE05  032 
NE05  033 
NE05  034 
NE05  035 
NE05  036 
NE05  037 
NE05  038 
NE05  039 
NE05  040 
NE05  041 
NE05  042 
NE05  043 
NE05 044 
NE05  045 
NE05  046 
NE05  047 
NE05  048 
NE05 049 
NE05 050 
NE05  051  
NE05  052 
NE05 053 
NE05  054 
NE05  055 
NE05  056 
NE05 057 
NE05  058 
NE05  059 
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4 0  

C 
C 
C 

2 0 0  

6 5  

64 

6 3  

C 
C 
C 

3 

80 

V(J)=EMV*W+( la/RXPA3  l * /RXMA31 
CONT I NUE 
RETURN 

COMPUTE INFLOW VELOCITIES 

XI=XR-XCB-XIZ*ELCBC 
X I =X I /ELCBC 
DO 60 J X l r I R  
W=RB(J)**S/CD/ELCBC/RRP 
XPA-X I + A  
X M A t X  I - A  
RXPA=SQRT(XPA*XPA + W * W )  
RXMA=SQRT(XMA+XMA + W * W )  
RXPA3=RXPA**3 
RXMA3=RXMA*+3 
U(J)rEMV*(XPA/RXPA3 - XMA/RXMA3) 
V(J)=EMV*W+(l . /RXPA3 - l * / R X M A 3 )  
PSI~W+W/Za - EMV+(XPA/RXPA - X M A / R X M A )  
CONT I NUE 
RETURN 

COMPUTE D ( N )  AND D-STAR(N1  FOURIER  COEFFICIENTS 

W=Oo5/CD/ELCBC 
N=IR 
CN=N 
P1=3.1415926 
D T H S P I / ( C N - l * )  
TH=-DTH 
DO 8 0   J = l r N  
TH=TH+DTH 
CSTH=COS(TH) 

XI-XG-XCB-XIZ+ELCBC 
XI=XI /ELCBC 
XPA=X I + A  
XMA=X I - A  
RXPA=SQRT(XPA*XPA+W*W) 
RXMA=SQRT(XMA*XMA+W+W) 
RXPA3=RXPA**3 
RXMA3=RXMA*+3 
FU(J)=EMV*(XPA/RXPA3-XMA/RXMA3) 

CONT I NUE 
NOUT =6 
CALL FOURCS IFU,FU,NtNOUTsO) 
CALL FOURCS (FVsFVvN,NOUTtO) 
DO 8 1  J=l,NOUT 
D ( J ) = F V ( J I  
D S ( J ) = F U ( J )  

XG=OeS*(l*-CSTH) 

FV(J)=EMV*W*(lo/RXPA3-1*/RXMA3) 

U ( J ) = D S ( J l  
8 1  V ( J l = D ( J I  

RETURN 
END 

NE05 060 
NE05 061 
NE05  062 
NE05  063 
1\E05 064 
NE05  065 
NE05 066 
NE05  067 
NE05  068 
NE05  069 
NE05  070 
NE05   071  
NE05  072 
NE05 073 
NE05 0 7 4  
NE05  075 
NE05  076 
NE05 077 
NE05  078 
NE05  079 
NE05  080 
NE05 0 8 1  
NE05  082 
NE05  083 
NE05  084 
NE05  085 
NE05 0 8 6  
NE05  087 
NE05 088 
N E 0 5   0 8 9  
NE05  090 
N E 0 5   0 9 1  
NE05  092 
NE05  093 
NE05 094 
NE05  095 
NE05  096 
NE05  097 
NE05  098 
NE05  099 
NE05 100 
NE05   101  
NE05  102 
NE05  103 
NE05 104 
NE05  105 
NE05 106 
NE05  107 
NE05 108 
NE05  109 
NE05  110 
NE05 111 
NE05 1 1 2  
NE05  113 
NE05  114 
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C 
C SUBROUTINE TO  COMPUTE INDUCED CAMBER COEFFICIENTS 
C 

SUBROUTINE CAMBER (CDrTCrRP) 

DIMENSION  CDRAT/S) rDCD(4rS) rRP(4)  
c 

DATA C D R A T / 0 o O ~ O 0 2 5 ~ 0 o 5 0 ~ O o 7 5 ~ 1 0 0 /  
DATA ~ D C D ~ l r J ~ r J ~ 1 r 5 ~ / 0 o O ~ O o O O l 4 9 ~ O o O O 3 l 6 r O o O O 5 O 5 r O o O O 6 9 6 /  
DATA ~ D C D ~ 2 r J ~ r J ~ l ~ 5 ~ / O o O ~ O o l O ~ 9 7 r O o 2 2 2 3 6 ~ O o 3 3 4 l 4 r O o 4 3 9 4 O /  
DATA ~ D C D ~ 3 r J ~ ~ J ~ l r 5 ~ / 0 o O ~ O o O 3 5 5 8 r 0 . 0 7 2 2 3 ~ O o l l O 2 2 r O o l 4 9 2 6 /  
DATA ~ D C D ~ 4 r J ~ r J ~ 1 r 5 ~ / O o O ~ ~ O o O O 2 O 3 ~ ~ O ~ O O 5 3 9 ~ ~ O o O O 9 4 ~ r ~ O o O l 3 7 5 /  

DO 2 J - 1 ~ 5  
N= J 
I F  (CDRAT(JI-CD)  21394 

C 

2 CONTINUE 
4 M-N-1 

DEL=CDRAT(Y)-CDRAT(H) 
DIF=CD-CDRAT(M) 
DELTA-DIF/DEL 
DO 1 0   K - 1 9 4  
RP(K)=DCD(KrM)  + D E L T A r ( D C D ( K r N ) - D C D ( K r M ) )  

10 CONTINUE 
GO T O  20 

DO 6 K = l r 4  
3 M-N 

6 RPIK)=DCD(KrMI  
20 DO 2 1  K a l e 4  
21   RP(K)=RP(K)+TC 

RETURN 
END 

NE06 001 
NE06 002 
NE06 0 0 3  
NE06 0 0 4  
NE06 005 
NE06 006 
NE06 007 
NE06 008 
NE06 009 
NE06 010 
NE06 011 
N E 0 6  012 
NE06 0 1 3  
NE06 014 
NE06 015  
NE06 016 
NE06 0 1 7  
NE06 018 
NE06 019 
NE06 020 
NE06 021 
NE06 022 
NE06 023 
NE06 024 
NE06 025  
NE06 026 
NE06 027 
NE06 028  
NE06 029 
NE06 030  
NE06 0 3 1  
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C 

C 

SUBROUTINE PROP ( N Z P S R B S B R S B T A I T C B L D ~ R R P I N Z , R A )  NE07  001  
NE07 002 
NE07 003 
NE07 004 

DIMENSION R ~ ( ~ ~ ) I B R ( ~ ~ ) S T C B L D ( ~ ~ ) , X L ~ ~ ) ~ Y ( Z S ) , Z ( ~ ~ ) ~ ~ ( ~ ~ ) ~ ~ ~ ~ ~ ~ ) ~ ~ T A ( ~ ~ ) N E ~ ~  005 
NE07 006 
NE07  007 
i\ lE07  008 
NE07 009  
NE07  010 
NE07 011 
NE07  012 
NE07  013 
NE07  014 
NE07  015 
NE07  016 
NE07  017 
NE07  018 
NE07 019 

DO 22 J-ZINZ NE07   021  

C SUBROUTINE TO  COMPUTE PROPELLER GEOMETRY PARAMETERS 

1 t R A ( 2 5 )  
C 

P=RCBRP*RCBRP 

X( l ) -RCBRP 
ZN=NZ 
MZ=NZ+1 
DO 2 0  J-ZrMZ 
K-J-1  
AK=K 
E=AK/ZN*D+P 

20 X(J)=SQRT ( E )  
DO 2 1  J=l,NZ 

2 1  R A ( J ) = X ( J + l )  

D= lo-P 

X( l ) - (RCBRP+RA( l ) ) /Z .O  NE07  020 

22 X ( J ) ~ ( R A ( J ) + R A ~ J - ~ ) ) / ~ O O  NE07  022 
I(= 1 NE07  023 
RB(NZP+l l=RB(KZPI   NE07  024 
BR(NZP+l l+BR(NZP)  NE07  025 
BTA(NZP+l )=BTA(NZP)   NE07  026 
TCBLD(NZP+l)=TCBLD(NZP)  NE07  027 
DO 39 J = l r N Z   N E 0 7  0 2 8  

30 I F  ( R B ( K ) - X ( J ) )   3 1 ~ 3 2 ~ 3 3  NE07  029 
32 Y ( J I = B R ( K )   N E 0 7  030 

Z ( J l = B T A I K )   N E 0 7  0 3 1  
Zi ! lJ)=TCBLD(K)  NE07 032 
GO TO 39 NE07 033  

3 1  K-K+1  NE07  034 
GO T O  30  NE07  035 

33 DEL=X(J ) -RB(K- l )   NE07  036 
DEL=D€L/ (RB(K) -RB(K- l ) )   NE07  037 
Y(J)=DEL~(BR(K)-BR(K=l)) NE07 038 
Y ( J ) = Y [ J ) + B R ( K - l )   N E 0 7  0 3 9  
ZLJ)=DEL*(BTA(K)-BTA(K-l)) NE07 040 
Z ( J ) = Z ( J ) + B T A ( K - l )   N E 0 7   0 4 1  
ZZ(J)=DEL*(TCBLD(K)-TCBLD(K-l) 1 NE07  042 
Z Z ( J ) - Z Z ( J ) + T C B L D ( K - l )   N E 0 7   0 4 3  

3 9  CONTINUE  NE07 044 
DO 40  J=l ,NZ  NE07  045 
R B ( J ) - X ( J )  NE07 046 
B R ( J ) = Y ( J )  NE07 047 
B T A ( J ) - Z ( J )  NE07  048 
T C B L D ( J ) = Z Z ( J )   N E 0 7  049 

40 CONT I NUE NE07  050 
RETURN NE07   051  
END NE07  052 
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C 
C 
C 

C 

C 

C 

C 
C 
C 

C 

C 

SUBROUTINE  CLALF ( J )  NE08 001 
NE08  002 

COMPUTATION OF BLADE  SECTION L I F T  COEFFICIENT  NE08 003 
NE08 004 

DIMENSION  TCB( lO l rCLHX(10)   NE08 005 
NE08 006 

DIMENSION 8 ( 6 1 r B S ( 6 ) r S A ( 6 ) , S A S ( 6 ) 1 P ( 6 9 6 )  NE08 007 
DIMENSION R B ( 2 5 ) r B R ( 2 5 ) r B T A ( 2 5 ) r t C B L 0 ( 2 5 ) t R A ( 2 5 ) 9 X P R E S ( 2 5 ) 9 P H I ( 5 )  NE08 008 
DIMENSION ALPHA(25)rSTALL(25)tJSTL(Z5)~TALK(20) NE08 009  

NE08 010 
COMMON M Z Z Z ~ C D I R O ~ R ~ ~ R ~ ~ R ~ , P X B B ~ B S ~ S A S I P  NE08 011 
COMMON/NEAi31/ N R U N I N B L D ~ N Z I M Z I N P R E S ~ I R ~ N T I M E I N E R H , N P A G ~ N ~ H I ~ N P R I N T N E O ~  0 1 2  
COMMON/NEAR3/ R R P I X P ~ Z ~ B L D I R ~ ~ S R I B T A ~ T C B L D ~ T C ~ R C ~ R P ~ A P A ~ . ~ L F ~ X P R E S ~ N E ~ ~  013  

1 R A s X C B I X R ~ E L C B C ~ R M A X ~ P F I I ~ C O R J ~ C O R C B  NE08 014 
COMMON/NEAR5/ A R J I A R J P I E P S ~ R A D I C L I A L P H A ~ S T A L L ~ J S T L I T A L K  NE08 015 

NE08  016 
101 FORMAT f / / / / / / / / / / 7 0 H  THE BLADE THICKNESS-TO-CHORD R A T I O  IS OUTNEO8 017  

lSIDE THE  RANGE 0.0 T O  a 3 4 1  NE08  018 
I F  ( M Z Z Z )  21192  NE08  019 

1 CONTINUE  NE08  020 
NE08  021 

TABLE OF VALUES OF CLMAX  VERSUS BLADE THICKNESS-TO-CHORD R A T I O  NE08  022 

TCB 
TC6 
TCB 
TCB 
T C 8  
TCB 
TCB 
TCB 
TCB 

2 CONTINUE 
1 9   I F   ( T C B ( l O ) - T C B L D ( J I )   2 1 9 2 0 1 2 0  
2 0  I F   ( T C B ( l ) - T C B L D ( J ) )   2 2 9 2 2 9 2 1  
2 1  WRITE ( 6 1 1 0 1 )  

NERR=l 
RETURN 

2 2   N = 1  
23 I F   ( T C B ( N ) - T C B L D ( J ) )   2 4 1 2 5 9 2 6  
2 4  N=N+1 

25 C L M A X = C L M X  ( N  ) 
GO TO 2 3  

GO T O  2 7  
26 D E L ~ ~ T C B L D ~ J ~ - T C B I N - l ~ l / l T C B I N ~ - T C B ~ ~ ~ l ~ ~  

NE08 023  
NE08 024  
NE08 025  
NE08 026  
NE08 0 2 7  
NE08 028 
NE08 029 
NE08 030 
NE08 031 
NE08 0 3 2  
NE08 033 
NE08 0 3 4  
NE08 035 
NE08 036  
NE08 037  
NE08 038 
NE08 0 3 9  
NE08 0 4 0  
NE08 0 4 1  
NE08 042 
NE08 043  
NE08 0 4 4  
NE08 045 
N E 0 8  046 
NE08 047 
NE08 048 
NE08 049  
NE08 050 
NE08 0 5 1  
NE08 0 5 2  
NE08 053 
NE08 054  
NE08 055 
NE08 0 5 6  
NE08 057 
NE08 058 
NE08 059  

6 5  



C L M A X = C L M X ( N = 1 I + D E L * ( C L H X ( N ) - C L M X ( ~ ~ l l )  

CL=2.*PI+ALPHA(Jl/RAD 
STALL(J)=OeO 

27 CONTZNUE 

28 I F  (CL-CLMAX) 2 9 , 3 0 9 3 0  
30 CL=CLMAX 

2 9  CONT 1 NUE 
STALL(J I+ leO 

RETURN 
END 

NE08 060 
NE08 061 
NE06 062 
NE06 063 
NE08 064 
NE08 065 
NE08 066 
NE08 067 
NE08 068 
NE08 069 
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SUBROUTINE  ARCSINLARGvPHIrINDEX) 
C 
C SUBROUTINE FOR COMPUTING ARC S INE 
C 
C 
C ARG IS THE SINE OF THE  ANGLE. 
C PHI  IS THE  ANGLE (PRINCIPAL  VALUE* - P I 1 2  TO PI121 
C OUTPUT FROM SUBROUTINE. 
C INDEX IS 1 IF ANGLE I S  TO BE I N  RADIANS. 
C INDEX IS 0 IF ANGLE IS TO BE IN DEGREES. 
C 

HPX=l.5707963 
A=l.O-ARG+ARG 
I F  ( A I  5 ,211  

2 IF ( A R C 1  4 ~ 3 9 3  
3 P H I I H P I  

GO T O  6 
4 PHI=-HPI 

GO T O  6 
1 PHI=ATAN LARGISQRT ( A ) )  

GO T O  6 
5 WRITE (6r100) 

100 FORMAT(/SX30HERROR...SIN X GREATER  THAN 1.0//1 
GO TO 2 

6 I F I I N D E X )  7 ~ 7 9 8  
7 PHI=90.*PHI /HPI  
8 RETURN 

END 

NE09 001 
NE09 002 
NE09 003 
NE09 004 
NE09 005 
NE09 006 
NE09 007 
NE09 008 
NE09 009 
NE09 0 1 0  
NE09 0 1 1  
NE09 012 
NE09 013 
NE09 014 
NE09 015  
NE09 016 
NE09 017 
NE09 018 
NE09 0 1 9  
NE09 0 2 0  
NE09 0 2 1  
NE09 0 2 2  
NE09 023 
NE09 024 
NE09 0 2 5  
NE09 026 
NE09 027 
NE09 028  
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SUBROUTINE  MATRIX  IA1NR) 
DIMENSION A I  6 r  7lrB(19rl9lrN(12) 
NC=NR+l 
DO 1 JSlrNR 

DO 2 ISlrNR 
CON-0 0 
11-1-1 
DO 3 JSlrNR 
JJ=J-1 
IF ( 1 1 )  4r4r5 

IF (J-N(K)I 6 r 3 r 6  

1 N(J)=O 

5 DO 6 K=lrII 

6 CONTINUE 
4 CONASALJrl) 

8 CONAS-CONA 
9 IF ICONA-CON)  3,3911 

IF (CONAI 8 r 9 e 9  

11 CON'CONA 
N( I )=J 

3 CONTINUE 
IF(CON1 500r600t500 

600 WRITE (6r601) I 
601 FORMATll3H  SINGULAR# I = r I 3 )  

STOP 
500 NN=N(I) 

DO 12  JrlrNR 

A(NN,NC)=l.O 
12  A(JrNClrOo0 

DIV=AINNrl) 
DO 13  L=ltNC 

DO 14  LrlrNR 
IF (L-NN)  15114915 

15  CMULf-A(Lr1) 
DO 16  JrlrNC 

16 A ( L r J l ~ A ( L r J I ~ C M U L T * A ( N N r J l  
14  CONTINUE 

13  A(NNILI=A(NNIL)/DIV 

DO 17  L=leNR 
DO 18  JI19NR 

18  AILrJI=A(LrJ+l) 
17  CONTINUE 
2 CONTINUE 

DO 19  J=lrNR 
DO 20 LslrNR 
NN=N I J 1 

20 BfJrL)=AINNrL) 
19  CONTINUE 

DO 21  J=1 rNR 
DO 22 L=lrNR 
NN-N ( J  1 

22  A(LrNN)=B(L*JI 
21  CONTINUE 

RETURN 
END 

NElO  001 
NElO 002 
NElO 003 
NElO 004 
NElO 005 
NElO 006 
NE10 007 
NE10 008 
NElO 009 
NElO  010 
NE10  011 
NElO  012 
NElO  013 
NElO  014 
NElO  015 
NElO  016 
NElO  017 
NElO  018 
NElO  019 
NElO  020 
NElO  021 
NElO  022 
NElO 023 
NElO 024 
NElO  025 
NElO 026 
NElO  027 
NElO 028  
NElO 029 
NE10  030 
N E 1 0  031 
NElO 032 
NElO 033 
NElO 034 
NElO  035 
NElO 036 
NElO  037 
NE10 038 
NE10 0 3 9  
NElO 040 
NElO  041 
NElO 042 
NE10 043 
NE10 044 
NElO 045 
NElO 046 
NElO 047 
NElO 048 
NElO 049 
NElO 050 
NE10  051 
NElO 052 
NE10 053 
NE10 054 
NE10  055 
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C 
SUBROUTINE  FOURCS (F,B,N,NOUT,NPRINT) NEll  001 

NEll 002 
NEll 003 
NEll 004 
NEll 005 

DIMENSION  F(50)~FF(SO)r8(501 
NEll 006 

COMMON MZZZ 
NEll  007 

700  FORMAT  (1H / I  
NE11 008 

701  FORMAT (4E15.7) 
NE11  009 
NE11  010 

702 FORMAT(5X5HTHETA6X10HFOURIER FN6XllHORIGINAL  FN4X12HFOURIER  COEF/)NEll  011 
PI=3.1415927 
I F ( N O U T - N ~ 1 O ~ 1 O ~ 1 1  

NEll 012 
NEll 013 
NEll 014 

10 ZROfO. NEll  015 
ONE-1 00 NEll 016 
TWO-2.0 NEll 017 
I ZRO-0 
IONE-1 

NEll  018 
NEll 019 

I TWO12  NEll 020 
HPI~105707963  NEll  021 
NH-N NE11  022 
NS-ITWO+INH-IONE) NEll 023 
FNS-NS  NEll  024 
FR-TWOIFNS  NEll  025 
PIN-PI+FR N E l l  026 
DO 201 I=l,NH NEll  027 
CJ-I-IONE NEll 028 
CSI-COS  (PIN+CJ)  NE11  029 
CCSI=CSI+CSI N E l l  030 
CA=ZRO NEll 031 
CB-ZRO  NEll  032 
DO 202 J = ~ B N S  NEll 033 
JK=NS-J+ITWO  NEll  034 
IF(JK-NH1  220,220,221 NEll 035 

221  JK=ITWO+NH-JK  NE11 036 
220  CC=FfJK)+CA+CCSI-CB N E l l  037 

CB-CA  NEll  038 
202 CA-CC  NE11  039 

FF(I)-FR+(F(lI+CA*CSI-CB) N E l l  040 
IF(I-lONE)  290,291,290 N E l l  041 

291  FF(I)=FF(I)/TWO  NE11  042 
290  JN-NS-I-I+IONE  NEll  043 

IF(JN) 203,204,204  NEll 044 
203 FF(I)-FF(I)/THO  NEll  045 
204  CONTINUE  NEll 046 
201  CONT I NU€  NE11  047 

IF (NPRINT-l)2t6,7  NEll  048 
6 M= N  NEll  049 

GO TO 1 N E l l  050 
7 M-NOUT NEll 051 
1 CN-N  NEll  052 

C SUB. FOURCS  FOURIER  COSINE  SERIES  DETERMINATION 
C FROM  RALSTON AND WILF 0- MATH. METHODS  FOR  DIGITAL  COMPUTERS 
C CHAPTa  24 BY G .  GOERTZEL 
C 

11 NOUT=N 

W R I T E  (6,700)  NEll 053 
W R I T E  (6,7021 NEll 054 
DTH=PI/ICN-loO)  NEll  055 
TH--DTH  NEll  056 
DO 3 I - l r N  NE11 057 
TH-TH+DTH NEll 058 
SUM-0.0 NEll 059 
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DO 4 J-lsH 
C J* J-1 

4 SUMtSUM+ FF(JI*COS  (CJ*TH) 
3 WRITE ( 6 ~ 7 0 1 )  THs SUMsF(1)r  F F l I )  
2 DO 8 K=l,NOUT 
8 B l K ) - F F ( K )  

RETURN 
E NO 

N E l l  060  
N E l l  061 
N E l l  062  
N E l l  063 
NE11 064  
NE11 065 
N E l l  066  
N E l l  067 
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SUBROUTINE SRCRNC  (CD,XSC,TC,NRP,RPtUQD) 
C 
C VELOCITY INDUCED BY DISTRIBUTION OF SOURCE RINGS 
C 

DIMENSION T H ~ 2 0 5 1 r Q D ( 2 0 5 ) r O I ( 3 ) r A ( 6 ) , R P ( 2 5 ) , U O D I Z S )  
COMMON MZ 
PI*3.1415926 
A t l ) = T C *  2.969 
A(2)=oTC*l .26 
A ( 3 1 = ~ T C + 3 0 5 1 6  
A ( 4 ) - T C *   2 0 8 4 3  
A t 4 1 = ~ T C ~ 1 0 0 1 5  
DQ =ZOO. 
D T I ~ Z O O o  

14 DT=PI /DQ 
XS=XSC=. 5 
N-DO 
NM=N 
N=N+l 
K-N+4 
DO 1 5   J = l r K  
THt J 1-0. 

15  QD(J l=Oo 
DO 1 9  J-ZIN 
T H ( J ) = T H ( J - l ) + D T  

ST-SIN ( T I  
SNZ-SIN ( T / Z o )  
Q D ( J I - A ( 1 ) / 2 o / S N 2  
DO 18  I=2,5 
I N =  1-1 
EN- I N  
I NX- I N+ I N-2 
ENX- I NX 
QD(Jl=QD(J)+EN*A(I)*(SN2**ENX) 

OD(J)=ODIJ)*ST 

f H ( N + l ) = P I + l *  
Q D t N + l ) - Q D ( N )  

1 2 0   T = T H ( J )  

18  CONTINUE 

19  CONTINUE 

22 Q D t l ) = A ( l )  

31 D T P - P I / D f I  
TH( 1 ) - O *  

TP-00 
H=DTP/3o 
UI-0. 
CSf*-2.*XS 
CSfZ=CST*CST 

40 DO 6 9  JR-1nNRP 
R-RP t JR 1 

5 0  K = 1  
N T = l  

5 1  DO 60 J=K13 
CTP=COS ( TP)  
ZWP-CD*(CTP-CSTI 
PP-(ZWP+ZWP)+I ( R + l . ) + ( R + l o ) )  
PM=(ZWP*ZWP)+( ~ R ~ 1 o l * t R ~ 1 o l l  
AK2=4o+R/PP 
CALL  ELLIPS  (AK2vZKtZE)  

NE12 001 
NE12 002 
NE12 003 
NE12 0 0 4  
NE12 005 
h E l 2  006 
NE12 0 0 7  
NE12 008 
NE12 0 0 9  
NE12 010 
NE12 011 
NE12 0 1 2  
NE12 0 1 3  
NE12 0 1 4  
NE12 0 1 5  
NE12 016 
NE12 017 
NE12 018  
NE12 019 
NE12 0 2 0  
NE12 0 2 1  
NE12 0 2 2  
NE12 023  
NE12 0 2 4  
NE12 025  
NE12 026  
NE12 0 2 7  
NE12 028 
NE12 029  
NE12 030 
NE12 0 3 1  
NE12 032 
NE12 033 
NE12 034 
NE12 035 
NE12 036 
NE12 0 3 7  
NE12 038 
NE12 039  
NE12 040  
NE12 0 4 1  
NE12 0 4 2  
NE12 043 
NE12 044 
NE12 045  
NE12 0 4 6  
NE12 0 4 7  
NE12 0 4 8  
NE12 0 4 9  
NE12 0 5 0  
NE12 0 5 1  
NE12 0 5 2  
NE12 0 5 3  
NE12 0 5 4  
NE12 055  
NE12 056  
NE12 0 5 7  
NE12 058  
NE12 059  
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PP-SQRT ( P P )  
U-ZWP+ZE/PP/PM 

52 I F ( T P o T H ( N T ) ) 5 5 1 5 4 r 5 3  
53  NT=NT+l  

GO TO 5 2  
54  Q-OD(NT) 

GO TO 5 6  
55 Q ~ O D ( N T = l I + ~ T P - T H ( N T - l ) ) ~ ~ ~ D ~ N T ) ~ Q D ( N T = l ) ) / ~ T H ~ N T ) = T H ~ N T = l ) )  
5 6  DI(J)=Q+U 
60 TP=fP+DTP 

K=2 

D I ( l ) - D I ( 3 )  

61 UV=UI+CD/PI 

UI=UI+H+(DI(1)+4.+DI(2)+DI(3)) 

I F ( T P - P 1 ) 5 1 r 5 1 , 6 1  

U O D ( J R ) = U V  
TP=O 
UI -0 .  

69 CONTINUE 
RETURN 
END 

NE12 060 
NE12 0 6 1  
NE12 062  
NE12 063 
NE12 064  
NE12 065 
NE12 066  
NE12 067  
NE12 068 
NE12 069  
NE12 070 
NE12 0 7 1  
NE12 072 
NE12 073  
NE12 074  
NE12 075 
NE12 0 7 6  
NE12 077  
NE12 078  
NE12 079  
NE12 080 
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I 

SUBROUTINE VTXRNG (CDBXSCBIRBRPBCNBUGSXPRESBPI 
C VELOCITY  INDUCED BY DISTRIBUTION OF VORTEX RINGS 
C 

OIMENSION T H ~ Z O S ~ ~ G D ~ Z O ~ ~ B ~ ~ ~ ~ ~ B R P ~ ~ ~ ) B U G ~ ~ ~ ~ ~ C ~ ~ ~ ~ ~ X P ~ E S ~ ~ ~ ~  
DIMENSION F U ( ~ O I B F V ( S O I B C P ( ~ ) , P ( ~ , ~ )  

C 

C 
COMMON MZZZ 

CO=CN( 1 1  
Cl=CN 2 I 
CZ-CNt 3 )  
C3-CN (4 1 
C4=CN t 5 ) 
C5=CN 6 1 

C 
C SET UP A TABLE OF GAMMA 
C 

DGm 1 00. 
D T I = 2 0 0 r  
P 1 = 3 * 1 4 1 5 9 2 6  

13 DT=PI/DG 
N=DG 
NM=N 
N=N+l  
K=N+4 
DO 1 2   J - ~ B K  
THI  J ) = O .  
ST=O.O 

12  GD(J)=O. 
DO 19 J = ~ B N  
T H ( J ) = T H ( J - l I + D T  

CT=COS (T/2.  ) 
CT=CT/SIN  (T/2.)  
A=CO*CT 
ST=SIN  ( T I  
8=C l *ST  

120 T = T H I J )  

C=CZ+SIN (2.*T l  
D=C3+SIN (3.*T) 
E=C4*SIN (4.+Tl  
F=C5*SIN (5.*T) 
GD(Jl=A+B+C+D+E+F 
GD(J )=GDIJ ) *ST  

T H t N + l I = P I + l .  
G D ( N + l ) = G D ( N )  

19 CONT 1 NU€ 

22  GD( 11=2**CO 
TH(11-0.  

TP=O 
H=DTP/3. 
UI=O. 

I F  ( M Z Z Z )  2 0 0 ~ 1 0 ~ 1 0  

31  D T P = P I / D T I  

C 

C 

C 
10 I F  ( I R )  7 0 ~ 1 1 ~ 1 1  

11 XS-XSC-r5 
CST=-2.*XS 

DIGAMMA RSUS THET A 

NE13  001 
NE13  002 
NE13 003 
NE13 004 
NE13  005 
NE13 006 
NE13  007 
NE13  008 
NE13 009 
NE13  010 
NE13  011 
NE13  012 
NE13  013 
NE13  014 
NE13  015 
NE13  016 
NE13  017 
NE13 018 
NE13  019 
NE13 020 
NE13  021  
NE13  022 
NE13 023 
NE13  024 
NE13 0 2 5  
NE13 026 
NE13 G27 
NE13 0 2 8  
NE13 0 2 9  
NE13 030 
NE13   031  
NE13  032 
NE13  033 
NE13  034 
NE13  035 
NE13 036 
NE13 037 
NE13  038 
NE13  039 
NE13  040 
NE13  041 
NE13  042 
NE13  043 
NE13  044 
NE13 045 
NE13  046 
NE13  047 
NE13  048 
NE13  049 
NE13 050 
NE13  051 
NE13  052 
NE13  053 
NE13  054 
NE13 0 5 5  
NE13 056 
NE13  057 
NE13  058 
NE13  059 
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CST2=CST*CST 
C 
C COMPUTE INFLOW VELOCITIES 
C 

40 DO 69 J R = l t I R  

5 0   K - 1  

5 1  DO 6 0   J - K t 3  

R+RP ( J R  

N T = l  

S T P n S I N   ( T P I  
CTP-COS ( T P )  
CTPZ=CTP*CTP 

XZ=XZ+CD+CD 
X Z ~ C S T Z - ( Z . * C S T + C T P ) + C T P 2  

PPIX2+(1R+ l . ) * IR+ l . ) )  
PM=X2+((R- lm)*(R-1. )1 
AK2*4r*R/PP 
C A L L  ELL IPS  (AK2rZKeZE)  
PM=Zo+(R-l.)/PM 
PP=l./SQRT ( P P I  
U=ZK-ZE*( lo+PM) 
U=U+PP 

5 2   I F ( T P - T H ( N T ) ) 5 5 r 5 4 e 5 3  
53  NT-NT+l 

GO T O  52 
54  G-GDlNT) 

GO TO 5 6  
55 G ~ G D ~ N T ~ 1 ~ + ~ T P - T H ~ N T - 1 ) ) + o - G D ~ N T ~ - G D ~ N T ~ l ~ ~ / ~ T H ~ N T ~ ~ T H ~ N T ~ l ~ ~  
5 6   D I ( J ) - G + U  
6 0  TP=TP+DTP 

K-2 

D I ( l ) = D I L 3 )  
I F ( T P = P I ) 5 1 , 5 1 e 6 1  

TP-0 
UI-Om 

6 9  CONTINUE 
GO T O  9 9 9  

U I ~ U I + H * ( D 1 ( 1 ) + 4 m + D I ( 2 1 + D I ( 3 ) l  

6 1  UG(JR)SCD/Z./PI+UI 

C 
C COMPUTE VELOCITIES INDUCED A T  THE  DUCT REFERENCE CYLINDER 
C 

70 I R = - I R  
DO 9 9  J R x l r I R  
X-XPRES(JR1 
K - 1  
NT-1 
XS-X-. 5 
CST--Z.+XS 
CSTZ-CST+CST 

CTP=COS ( T P I  
CTPZ=CTP*CTP 
X 2 = C S T 2 - ( 2 m * C S T + C T P ) + C T P Z  
X2=XZ+CD+CD 
PP=X2+4. 
AK2-40  /PP 
C A L L  ELLIPS  (AK2,ZKeZE) 
PPI l . /SQRT(PP) 

77 DO 7 1   J s K t 3  

NE13 060 
NE13 061 
NE13 062 
NE13  063 
NE13 064 
NE13  065 
NE13  066 
NE13 067 
NE13  068 
NE13  069 
NE13  070 
NE13   071  
NE13  072 
NE13  073 
NE13   074  
NE13  075 
NE13  076 
NE13  077 
NE13  078 
NE13  079 
NE13 080 
NE13  081  
NE13  082 
NE13  083 
NE13  084 
NE13  085 
NE13  086 
NE13  087 
NE13 088  
NE13  089 
NE13 090 
NE13  091  
NE13 092 
NE13 093 
NE13  094 
NE13  095 
NE13  096 
NE13 097 
NE13  098 
NE13 099 
NE13 100 
NE13   101  
NE13  102 
NE13  103 
NE13  104 
NE13  105 
NE13  106 
NE13  107 
NE13  108 
NE13  109 
NE13 110 
NE13 111 
NE13  112 
NE13  113 
NE13 114 
NE13  115 
NE13  116 
NE13  117 
NE13  118 
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Us t ZK-ZE 1 +PP 
72  I F  (TP-THtNT) )   75174973  
73  NT-NT+l 

GO TO 72  
74   GrGDfNTI  

GO T O  7 6  
7 5  G ~ G D ~ N T - 1 l + ~ T P - T H ~ N T - 1 ) ) + I G D o - G D ( N T I L ~ l / ~ T H ~ N T l ~ ~ H ~ N T ~ l ~ ~  
7 6   D I ( J l = G * U  
7 1  TP-TP+DTP 

K-2 

D I ( l ) - D I f 3 1  
U ~ ~ U I + H * ~ D 1 ~ 1 ~ + 4 o + D I ( 2 ) + 0 r O ~  

I F  (TP-PI1 77m77r78  
78  UG(JR)-CD/2./PI*UI 

TP=O 
UI-0.  

99 CONTINUE 
GO T O  999 

C 
C COMPUTE F ( N )  AND F-STARfNl FOURIER  COEFFICIENTS 
C 

200  MZZrMZZZ 
MtZZ = 1 
DO 2 1 0   J = 1 1 6  

210  CP(J1rO.O 
DUM-0 0 
DO 2 1 1   L - 1 1 6  

2 1 1  DUMXDUM + C N ( L ) + P l l r L )  
C P ( l l ~ ( C N I l ) - D U H 1 / 2 o O  
DO 2 1 2  K - 2 e 6  
DO 2 1 3  L t l r 6  

2 1 3   C P I K ) = C P ( K l  + C N I L ) + P ( K * L l  
2 1 2   C P ( K l t ( C P ( K ) ° C N I K ) ) / 2 0 0  

N= I R  
EN-N 
D T A = P I / ( E N - l o )  
T A - - D T A  
DO 220 JR-1 rN  
TA-TA+DTA 
CSTA=COSITA) 
CSTAZ-CSTAKSTA 
DUM-0 0 
DO 2 1 5  K=216 
J = K - l  
T J - J  

F V ( J R ) - C P ( l ) + D U M  
K =  1 
N T = l  

2 0 7  DO 2 0 1  JmKe3 
CTP=COSlTPl 
CTPE-CTP+CTP 
X Z * C S T A 2 - ( 2 o + C S T A + C T P ) + C T P 2  
XZ-X2+CD+CD 
PP-X2+4.0 
AK2=4./PP 
C A L L  ELLIPS  (AKZ1ZK1ZEI 
PP- lo /SQRT(PP)  
U=(ZK-ZEI+PP 

215 D U M = D U M + C P ( K ) * C O S ( T J * T A )  

NE13 119 
NE13 1 2 0  
NE13 1 2 1  
NE13 1 2 2  
NE13 1 2 3  
NE13 1 2 4  
NE13 1 2 5  
NE13 1 2 6  
NE13 1 2 7  

NE13 1 2 9  
NE13 1 3 0  
NE13 1 3 1  
NE13 1 3 2  
NE13 1 3 3  
NE13 1 3 4  
NE13 1 3 5  
NE13 1 3 6  
NE13 1 3 7  
NE13 138 
NE13 1 3 9  
NE13 140 
NE13 141 
NE13 1 4 2  
NE13 1 4 3  
NE13 1 4 4  
NE13 1 4 5  
NE13 1 4 6  
NE13 1 4 7  

NE13 149 
NE13 1 5 0  
NE13 1 5 1  
NE13 1 5 2  
NE13 1 5 3  
NE13 1 5 4  
NE13 1 5 5  
NE13 1 5 6  
NE13 1 5 7  
NE13 1 5 8  
NE13 1 5 9  
NE13 160 
NE13 161 
NE13 1 6 2  
NE13 1 6 3  
NE13 164 
NE13 1 6 5  
NE13 166 
NE13 1 6 7  

NE13 169 
NE13 1 7 0  
NE13 1 7 1  
NE13 1 7 2  
NE13 1 7 3  
NE13 1 7 4  
NE13 1 7 5  
NE13 1 7 6  
NE13 1 7 7  

NEU 1213 

~ € 1 3  1413 

N E L ~  1613 
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2 0 2   I F   ( f P - T H ( N 1 ) )   2 0 5 ~ 2 0 4 ~ 2 0 3  
203 NT-NT+l 

204  G-GDtNT) 
GO TO 202  

GO TO 2 0 6  

206 D I ( J ) - G * U  
2 0 1  TP-TP+DTP 

205  C ~ G D ~ N T ~ 1 ~ + ( T P ~ T H ~ N T - 1 ) ) + ( C D ( N T I - G D ~ N T ~ ~ G D ~ N T ~ l ~ l / ~ T H ~ N T ~ - T H ~ N l = l l ~  

K-2 
UI~UI+H+(D1(1)+4.*DI(2~+DI~3~) 
D I ( l b = D I ( 3 )  
I F  ( T P - P I J   2 0 7 ~ 2 0 ? * 2 0 8  

TPmO a 0 
UI*O.O 

220  CONTINUE 
NOUT - 6 
NPR-0 
C A L L  FOURCS ( fUsFUsN~NOUT*NPRl  
DO 2 1 6   J - 1 ~ 6  
U G ( J l - F U ( J )  

208  FU(JRl=CD/2 . /P I+UI  

2 1 6   U G ( J + 6 ) - C P I J )  
Mzzz=nzz 

C 
999 RETURN 

END 

NE13  178 
NE13  179 
NE13  180 
NE13 1 8 1  
NE13 182 
NE13  183 
NE13  184 
NE13  185 
NE13  186 
NE13  187 
NE13  188 
NE13 189 
NE13  190 
NE13 1 9 1  
NE13  192 
NE13  193 
NE13  194 
NE13  195 
NE13  196 
NE13  197 
NE13  198 
NE13  199 
NE13  200 
NE13 2 0 1  
NE13  202 
NE13  203 

7 6  



C 
C 

C 

C 

C 

C 
C 
C 

C 
C 
C 

NE14 0 0 1  
NE14 002 
NE14 003 
NE14 0 0 4  
NE14 005 
NE14 006  
NE14 007  
NE14 008 
NE14 009 
NE14 0 1 0  
NE14 011 
NE14 0 1 2  
NE14 013  
NE14 0 1 4  
NE14 015 
NE14 016 
NE14 017  

NE14  019 
NE14 020 
NE14  021  
NE14  022 
NE14 023 
NE14  024 
NE14 025 
NE14  026 
NE14  027 
NE14  028 
NE14 029 
NE14 030 
NE14  031  
NE14  032 
NE14 033 
NE14  034 
NE14 035 
NE14  036 
NE14 037 
NE14 038 
NE14  039 
NE14 040 
NE14   041  
NE14  042 
NE14  043 
NE14 044 
NE14  045 
NE 14 046 
NE14  047 
NE14 048 
NE14  049 
NE14 050 
NE14 051 
NE14  052 
NE14 053 
NE14  054 
NE14 055 
NE14 056 
NE14  057 
NE14 058 
NE14  059 

~ € 1 4  o l a  

77 



14 G A ( ~ ) = G A ( J ) + S C I N ) + S T ( N I 1 )  

20 CONTINUE 
GA(J)=GA(J)+ST(l) 

GA(l)t2.*SCLl) 
THtK+l)=PI+l. 
GA(K+l)=CA(K) 

COMPUTE  G-STAR(N)  AND H ( N )  FOURIER  COEFFICIENTS 

MZZZ = 1 
OT1=200e 
DTP=PI/DTI 
H=DTP/3. 
TP-0.0 
UI=O.O 
VIT'O.0 
R~1.0 
R32-R+*105 
RPZ~IR+1.)+*2 
N=IR 
CN=N 
DTA~PI/ICN=le) 
TAX-DTA 
DO 50 JRtleN 
TA=TA+DTA 
CSTA=COS(TA) 
K=1 
NT-1 

47 DO  41  J=K93 
CTP-COS(TP) 
XI=ICTP-CSTAI*CD 
x2=x I *x I 
DEN-XZ+RPZ 
AK2=4e*R/DEN 

CALL  ELLIPSL(AK2rZKrZEI 

AKP=lrO-AKZ 
AKOs2rO-AK2 
AK4=AK2*AK2 
AYEs((8aO*R*AKO/AK4) + IZo*R) + 2.0 - 40/AKZ*~20*R+10))*ZE 
AYESAYE + AKP/AK2*(8o*R + 4. - 16o*R/AK2)*ZK 
U = A Y E / S O R T ( D E N ) / ( X Z + O + ( R - 1 . )  1 
PU=SQRT(AKZ) 
nKZt4.+R/RP2 
SBETA=SQRT(  (le-AKZ)/(l.-AKZ) 1 

CALL ARCSIN (SRETAIBETAIO) 
CALL ARCSIN (AKtASKrO) 
CALL LAMBDA (ASKIBETAIHLMB 1 

EPSR=l 

NE14 060 
NE14 061 
NE14 062 
NE14  063 
NE14 064 
NE14 065 
NE14 066 
NE14 067  
NE14 068  
NE14 0 6 9  
NE14 0 7 0  
NE14  071 
NE14 072 
NE14  073 
NE14 074 
NE14 075  
NE14 076  
NE14 077  
NE14 078  
NE14 079 
NE14 080 
NE14 081 
NE14 082 
NE14 083 
NE14 084 
NE14 085 
NE14 086 
NE14 087 
NE14 088 
NE14 089 
NE14 090 
NE14  091 
NE14 092 
NE14  093 
NE14 0 9 4  
NE14 095  
NE14 096 
NE14 097 
NE14 098 
NE14 099  
NE14  100 
NE14  101 
NE14  102 
NE14  103 
NE14  104 
NE14  105 
NE14  106 
NE14  107 
NE14  108 
NE14  109 
NE14  A10 
NE14  111 

A V T ~ 4 ~ + ( Z K - Z E ) / A K + Z ~ * P I * A K / S ~ R T ( A K Z ~ * l l ~ ~ H L M ~ ~ * S ~ R T ~ ~ l * ~ A K Z ~ ~ ~ A K Z  NE14  112 
1 -AK2) 1 NE14  113 
AVT=AVT+XI/(8.*PI*R32) + EPSR/4. NE14  114 

42 IF (TP-THlNT))  45r44r43  NE14  115 
4 3  N T = N T + l  NE14  116 

GO TO 42  NE14  117 
44 G=GA(NT)  NE14  118 
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45 
4 6  

4 1  

4 0  

50 

5 1  

2 

- - 
r - 
C 

70  

77 

72  
73 

74 

D I ( J ) - G + U  
DVT(J)=G+AVT 
TP=TP+DTP 
K=2  

D I ( l ) - D 1 ( 3 )  
V I T ~ V I T + H + L D V T ( ~ ) + ~ O * D V T ( ~ ) + D V T ~ ~ ) )  
D V T ( l ) - D V T ( 3 1  
I F   ( T P - P I )   4 7 r 4 7 r 4 8  
F ( J R l ~ - C D + U I / Z o / P I  
FH(JRl=CD+VIT 
TPzO.0 
UI=O.O 
V I T - 0 . 0  
CONT I NUE 
NOUT=6 
NPR-0 
CALL FOURCS (FvFrNrNOUTrNPRI 
CALL FOURCS IFHvFHrNtNOUTrNPR) 
DO 5 1  J= l  vNOUT 
G S f J ) = F f J )  
H F ( J ) - F H ( J )  
U G A I J + 6 ) = H F ( J )  
UGALJ) -GS(J )  
MZZZ=O 
RETURN 
CONT I NUE 
TPxO 0 
UI-0.0 

U I ~ U I + H * ~ D I ~ 1 ) + 4 o + D I ~ Z ) + D I ~ 3 ~ ~  

NE14 1 1 9  
NE14 1 2 0  
NE14 1 2 1  
NE14 1 2 2  
NE14 1 2 3  
NE14 1 2 4  
NE14 125  
NE14 1 2 6  
NE14 1 2 7  
NE14 1 2 8  
NE14 1 2 9  
NE14 1 3 0  
NE14 1 3 1  
NE14 1 3 2  
NE14 1 3 3  
NE14 1 3 4  
NE14 1 3 5  
NE14 1 3 6  
NE14 1 3 7  
NE14 1 3 8  
NE14 1 3 9  
NE14 140 
NE14 141 
NE14 1 4 2  
NE14 1 4 3  
NE14 144 
NE14 145  
NE14 1 4 6  
NE14 1 4 7  
NE14 1 4 8  
NE14 1 4 9  
NE14 1 5 0  

CALCULATE THE A X I A L  VELOCITY INDUCED BY THE ABOVE VORTEX DISTRIBUTNE14  151 
NE14  152 

DO 99 J R n l r I R  NE14  153 
X=XPRES(JR)  NE14  154 
K = l  NE14  155 
NT-1  NE14  156 
XS-X-05  NE14  157 
CST"Zo+XS NE14  158 
R z 1 . O  NE14  159 
DO 7 1  J - K r 3   N E 1 4  160 
CTP-COStTP)  NE14 161 
X2=(CTP-CST)+CD  NE14  162 
x2 -x2+x2   NE14   163  
D E N ~ X Z + ( A + l o ~ + ( R + l o I   N E 1 4  164 
AKZf4o*R/DEN  NE14  165 
CALL ELL IPS  (AK2rZKvZE)   NE14  166 
AKPIleO-AKZ  NE14  167 
AKU-ZoO-AKZ NE14  168 
AK4SAK2+AK2  NE14 169 
AYE=((8oO+R+AKO/AK4) + (2.+R) + 2 0 0  - 4./AK2*(2.+R+l.))+ZE  NE14  170 
AYESAYE + AKP/AK2+18o+R + 4 0  - 16o+R/AKZ)+ZK  NE14  171 
U~AYE/SQRT(DENI/(X2+(R-lo~*~R-lo)) NE14  172  
IF I T P - T H ( N T ) )   7 5 r 7 4 r 7 3   N E 1 4   1 7 3  
NT=NT+l   NE14  174 
GO T O  72 NE14  175 
G=GA (NT ) NE14  176 
GO T O  76   NE14  177 

79  



75 G - C A ~ N T - l ) + ~ T P - T H ~ N T - l ~ ~ * ~ G A ( N T - 1 ~ ~ / ~ T H ~ N T ~ ~ T H ~ N T - l ~ ~  
76 DI(Jl=C*U 
71 TP-TP+DTP 

K - 2  
U I ~ U I + H + ( D I ( ~ ) + ~ O ~ D I ~ ~ ) + D I ( ~ ) )  
D I ( l ) = D I ( 3 )  
I F  (TP-PI) 7 7 r 7 7 r 7 8  

TP=O 0 
U I - O o O  

99 CONTINUE 
999 RETURN 

END 

78 UGA(JR)~-CD*UI/Z./PI 

NE14 178 
NE14 179  
NE14 180  
NE14 1 8 1  
NE14 182  
NE14 183 
NE14 184  
NE14 185 
NE14 186 
NE14 187  
NE14 188  
NE14 189 
NE14 1 9 0  
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C 
C 
C 
C 

SUBROUTINE TO COMPUTE  THE AXIAL  VELOCITIES INDUCED BY  CONSTANT 
STRENGTH VORTEX CYLINDERS 

DIMENSION R P 1 2 5 1 r U G 1 2 5 ) m X P R E S ( 2 5 ) * U G P ( 2 5 ) r R A ( 2 5 )  
COMMON MZ 

C 
PX=3.1415926 
NR-N 
CR=CD*2 
I F  ( I R )  2 r l r 2  

1 XC-(XC-l.)+CR 
C 
C COMPUTE THE VELOCITY  INDUCED AT THE PROPELLER STATION 
C 

20 DO 3 0  J = l r N R  
R=RP ( J )  
I F ( R )   2 2 9 2 1 r 2 2  

U=XC/U+l.O 
U=Om 5+U 
GO T O  30 

2 1  USSORT ( ( X G + X G ) + l o )  

22 XG2=XG*XG 
R P l - ( R + l o I + ( R + l m )  
R M l ~ ( R - l o I + ( R - l . )  
SNBrSQRT  IXG2+RM1) 
SNB+XG/SNB 
SKG2=4o+R/(XC2+RPl)  
C A L L   E L L I P S ( S K G ~ ~ Z K I Z E )  
SKG-SQRT (SIC521 
C A L L  ARCSIN(SKG*ASKGrO) 
C A L L  ARCSIN(SNB9BETArO) 
NDEX=O 
I F   ( B E T A )   2 3 ~ 2 4 r 2 4  

NDEX= 1 

I F ( N D E X )   2 5 r 2 6 r 2 5  

NDEX=O 

U~o25+HLMB+o5  
TM=SKG*XG+ZK/L4o+PI) 

23  BETA=-BETA 

2 4  C A L L  LAMBDAIASKGIBETA~HLMB) 

25 HLMB=-HLMB 

26  CONT 1 NUE 

TM-TM/SQRT ( R )  
U-U+TM 

GO T O  9 9  
30 U G ( J ) - U  

2 NCYL=N 
C 
C COMPUTE  THE VELOCITY INDUCED A T  THE REFERENCE CYLINDER BY 
C THE TRAILING V O R T E X  CYLINDERS 
C 

DO 6 0  J - l r N C Y L  

RGR2=(RGR+lm)+(RGR+l*)  
RGRM=IRGR-lo)*(RCR-lm) 
RTRGR=SORT(RGR) 
I F  (J-NCYL)  31932932 

RGR=RA(J)/RHP 

NE15 0 0 1  
NE15 002  
NE15 003 
NE15 0 0 4  
NE15 005  
NE15 006  
NE15 0 0 7  
NE15 008 
NE15 009  
NE15 0 1 0  
NE15 0 1 1  
NE15 012  
NE15 0 1 3  
NE15 0 1 4  
NE15 015  
NE15 0 1 6  
NE15 0 1 7  
NE15 018  
NE15 019  
NE15 0 2 0  
NE15 0 2 1  
NE15 022  
NE15 023  
NE15 0 2 4  
NE15 025  
NE15 0 2 6  
NE15 0 2 7  
NE15 028 
NE15 0 2 9  
NE15 030 
NE15 0 3 1  
NE15 032  
NE15 033 
NE15 0 3 4  
NE15 035 
NE15 036  
NE15 037 
NE15 038 
NE15 039  
NE15 040  
NE15 0 4 1  
NE15 042  
NE15 043  
NE15 0 4 4  
NE15 045  
NE15 046  
NE15 047 
NE15 048 
NE15 0 4 9  
NE15 050 
NE15 0 5 1  
NE15 052 
NE15 053  
NE15 0 5 4  
NE15 0 5 5  
NE15 0 5 6  
NE15 0 5 7  
NE15 058  
NE15 0 5 9  
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32 XP=l.O 
R G R = l o O  
RGR2t4.0 
RGRM-0.0 
GO TO 33 

3 1  XP=XC 
33 00 6 0  J R * l , I R  

X=XPRES(JR) 
XG=X-XP 
XGR=XG*CR 
XGR2 =XGR*XGR 
IF ( X G R )  38r42.38 

4 2  IF ( R G R - 1 0 0 )  142,242,342 
1 4 2  UGmO.0 

2 4 2  UG*O.25 

342  UG-O.50 

GO TO 6 0  

GO TO 6 0  

GO TO 60 
38 CONTINUE 

GKS4=4o*RGR/(XGRZ+RGR2) 
GK=SQRT(GKSOl 
C A L L  ELLIPS  (GKSQVZKBZE) 
NDEX=O 
SNB-XCR/SORTIXGRZ+RGRM) 
CALL ARCSIN (SNBmBETA,O) 
CALL  ARCSIN LGKmASKmO) 
I F  ( B E T A )   3 4 t 3 5 e 3 5  

3 4  BETA=-BETA 
NOEX=-1 

35 CALL LAMBDA IASKmBETAeHLMB) 
I F  (NOEX)  36e37,37 

36 HLMB-HLMB 
BETAs-BETA 
NOEX=O 

37  CONTINUE 
If ( X G R )  41,42943 

43  NOEX=-1 
HLMB=-HLMB 
XGR=-XGR 

4 1  I F  (RGRo1.O) 1 4 1 r 2 4 1 e 2 4 1  
1 4 1  UG=GK*XGR*ZK/(~.*PI*RTRGR)-O~~*HLMB 

GO T O  45 
2 4 1  UG~GK*XGR*ZK/~4o*PI*RTRGR~+Om5O+m25*HLMB 

45 I F  (NDEX)  46,60960 
46  XGRs-XGR 

NDEX=O 
HLMB=-HLMB 

47 I F  (RGRo1.O)  147,247,347 
1 4 7  UG=-UG 

2 4 7  UG=-UC+Oo5 
GO T O  60  

GO T O  60  
347  UG=-UG+loO 

60  UGPl   J tJR)=UG 
99 RETURN 

END 

NE15 060 
NE15 061 
NE15 062 
NE15 0 6 3  
NE15 064 
NE15 0 6 5  
NE15 066 
NE15 0 6 7  
NE15 068 
NE15 069 
NE15 0 7 0  
NE15 071 
NE15 0 7 2  
NE15 013 
NE15 0 7 4  
NE15 0 7 5  
NE15 0 7 6  
NE15 0 7 7  

NE15  079 
NE15 O S 0  
NE15  081  
NE15  082 
NE15  083 
NE15  084 
NE15  085 
NE15  086 
NE15 OB7 
NE15 O B 8  
NE15  089 
NE15 090 
NE15 091 
NE15 092 
NE15 093 
NE15 094 
NE15 095 
NE15 096 
NE15  097 
NE15  098 
NE15 099 
NE15 100 
NE15 101 
NE15  102 
NE15  103 
NE15 104 
NE15  105 
NE15  106 
NE15  107 
NE15  108 
NE15  109 
NE15 110 
NE15 111 
NE15  112 
NE15  113 
NE15  114 
NE15  115 
NE15  116 

~ € 1 5  o ta  
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C 
C FOURIER  ANALYSIS OF RADIAL  VELOCITY INDUCED BY AN 
C ACTUATOR D I S K   I N  THE E X I T  PLANE -- BtN) 
C 

SUBROUTINE BNCOEF IC,BCI) 

DIMENSXON BG( 6 ~ 2 ) r B G 1 ( 6 ) r B C 0 I  6 )  
COMMON HZ22 
P I = 3 0 1 4 1 5 9 2 7  
MZZZ=-10 
N-100 
KMAX-6 
DO 10 K-1rKMAX 

10 BGI(K)=OoO 
EPS=PI/18O. 
PIM-PI-EPS 
CN-N 
DELTHmo5*PIM/CN 
NP-N+ 1 
DO 6 I = l r N P  
DO 3 J - 1 ~ 2  
FI-1-2 
FJ=J 
TH-FI*PIM/CN+FJ*DELTH 
STH=SIN  (TH) 
CTH=COS I f H )  

72 XG=-.S*C+Il*+CfH) 
73 XGSQ-XG*XG 

GKSQ=XGS0/(4o+XGSO) 
GK-SQRT ( 4 e / ( 4 a + X G S Q ) I  
CALL ELLIPS  IGKSOrZKGrZCG) 
BGCIOS/PI*IIGK~~./GK)*ZKG+~O/GK+ZCG) 
STHKxOe 
CTHK-lo 
DO 2 KmlrKMAX 
BGLKrJ)=BGC*CTHK 
CON=STHK+CTH+CTHK+STH 
CTnK=CTHK+CTH-STHK+STH 

2 SfHK=CON 
3 CONTINUE 
00 5 K l l r K M A X  
I F ( I - l ) 4 r 5 r 4  

4 B G I I K ) ~ B G I I K ) + D E L T H + t 8 G ~ K ~ l ) + ~ B G O ~ K ~ + B G I K ~ l ) + 8 G l K ~ 2 ) ~ / 3 * ~  
5 B G O ( K ) = 8 C I K r Z )  
6 CONTINUE 

EXTRA=-EPS/PI+ALOt l4o/EPS*SURT I2*/C11 
S I = - l  
DO 7 K r l r K M A X  
SI=-SI 

B G I ( l ) = . 5 + B G I ( l )  
7 BGI(K)+Z.*(BGI(K)+SI*EXTRA~/PI 

MZZZ = 1 
RETURN 
END 

NE16 001 
NE16 002 
NE16 003 
NE16 004 
NE16 005 
ME16 006 
NE16 007 
NE16 008 
NE16 009 
NE16 010 
NE16 011 
NE16 012 
NE16 013 
NE16 014 
NE16 015 
NE16 016 
NE16 017 
NE16 010 
NE16 019 
NE16 020 
NE16 021 
NE16 022 
NE16 023 
NE16 024 
NE16 025 
NE16 026 
N€16 027 
NE16 028 
NE16 029 
NE16 030 
N E 1 6   0 3 1  
NE16 032 
NE16 033 
NE16 034 
NE16 035  
NE16  036 
NE16 037 
NE16 038 
NE16 039 
NE16 040 
NE16 041 
NE16 042 
NE16  043 
NE16 044 
NE16  045 
NE16 046 
NE16 047 
NE16 048 
NE16  049 
NE16 0 5 0  
NE16  051 
NE16 052 
NE16 053 
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SUBROUTINE ANCOEF(NCYL,N,~AIXP~CD.RRP~NRUN~NPRINT,BS,A,AS) NE17 001 
DIMENSION F(50),BS(6)rA(25r6),AS(25,6),RA(ZS) NE17  002 
COMMON MZZZ NE17 003 

1 4 2  FORMAT ( l H l r 4 X l O H R U N  N U M B E R , ~ ~ , ~ ~ X ~ H P A G E I I ~ ~ ~ H - F , / / )  NE17 004 
242 FORMAT IlOXSSHFOURIER  COSINE  SERIES  COEFFICIENTS -- OUTPUT I NDENEl7  005 

1 X  - * I 3 1  NE17 006 
NPAGE - 0 NE17 007 
NOUT = 6 NE17 008 

2 0  CR~CD+Z.O NE17 009 
PI-3.1415927 NE17 010 

2 1  CN-N NE17 011 
D T W P I / ( C N - l . l  NE17  012 
TH-DTH NE17  013 

C NE17 014 
C COMPUTE B-STAR(N)  FOURIER  COEFFICIENTS NE17  015 
C NE17  016 

22 DO 30 J = l n N  NE17  017 
TH-fH+DTH NE17 018 
CSTH-COS ( T H )  NE17  019 

CKSQ=XG+XC NE17  021 
XC~o.5+CR+~1.+CSTH)  NE17 020 

CKSQ~4.O+CKSQ NE17 022 
GKSQ'4eO/GKSO NE17  023 
CALL  ELLIPS  (GKSO*ZKtZE)  NE17  024 
GK-SQRT (GKSO)  NE17  025 

IF(NPR1NT)  171,171m170  NE17  027 
170 NPAGE = NPAGE + 1 NE17  028 

WRITE  16,142) NRUN#NPAGE NE17 029 
WRITE (6,242)  NPRINT  NE17 030 

1 7 1  C A L L  FOURCS IFeF  tNeNOUTtNPRINT)  NE17  031 
DO 3 1   J = l t N O U T   N E 1 7   0 3 2  

3 1  B S ( J l = F ( J I  NE17 033 

30 F(Jl~O.25+(GK*XG/4.*ZK/PI) NE17  026 

C NE17  034 
C COMPUTE A ( N )  FOURIER  COEFFICIENTS  NE17 035 
C NE17  036 

32 DO 40 J-1rNCYL  NE17  037 
RRA-RRP/RAIJ)  NE17  048 

RRAP=RRAP*RRAP NE17 040 

RASQT-SORT I R R A )  NE1 7 042 
TH--DTH NE17  043 

33 DO 38 Km1,N NE17 044 
TH-TH+DTH NE17  045 
CSTH-COS (THI NE17  046 

RRAP-RRA+l.O NE17 039 

RRA4-4.O'RRA NE17 041 

XR=CR*(l.-CSTH)+.5  NE17  047 
XG=XR-(XP*CRI  NE17 048 
XG-XG*RRA NE17  049 
XGSQ-XG*XG NE17 050 
GKSQ-RRAP+XGSO NE17  051 
GKSQ=RRA4/GKSQ NE17  052 
GK-SQRT I G K S O )  NE17 053 
CALL  ELLIPS(CKSQSZKSZEI  NE17  054 
F ( K ) r ( ( Z E = Z K ) / G K + l G K * Z K / Z . ) ) / P I / R A S U I  NE17 055 

38 CONTINUE  NE17  056 
I F ( N P R 1 N T I   1 7 3 ~ 1 7 3 ~ 1 7 2   N E 1 7   0 5 7  

172  NPAGE = NPAGE + 1 NE17  058 
WRITE  (6,142) NRUNvNPAGE NE17 059  
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1 7 3  

39 
40 

C 
C 
C 

4 2  

4 3  

6 2  

63 

6 4  

6 5  

72  
7 4  

7 5  

7 6  

73 

7 1  
7 7  

WRITE (6,242) NPRINT 
CALL FOURCS (FIFINsNOUTINPRINTI 
DO 3 9  K=l,NOUT 
A ( J r K ) - F ( K l  
CON7 I NUE 

COMPUTE A-STARtNI  FOURIER  COEFFICIENTS 

DO 5 0  Jml rNCYL 
RRA-RRP/RA(Jl 
RPRIH=leO/RRA 
RRAP-RRA+l*O 
RRAP-RRAP+RRAP 

RASQT=SQRT I R R A I  
TH=-DTH 
DO 4 8  K=l,N 
TH-TH+DTH 
CSTH-COS I T H )  
XR=CR+I loO-CSTH1+~5 
XG-XR-(XP+CRl 
XG-XG*RRA 
XGSQ-XG+XG 
GKSO-RRAP+XGSQ 
GKSO=RRA4/GKSO 
GK-SQRT ( G K S O )  
CALL E L L I P S  (GKSQIZKIZE) 
NDEX=O 

SNB*SNB+SNB 
SNB=XGSO+SNB 
SNB=loO/SQRT ( S N B )  
SNB=XG+SNB 
C A L L  ARCSIN  (SNB,BETAtO) 
CALL  ARCSIN (GKIASKIOI 
XG-XG+RPRIM 
I F ( B E T A 1   6 2 ~ 6 3 9 6 3  
BETA=-BETA 
NDEX=-1 
C A L L  LAMBDA IASKIBETA~HLMBI 
I F ( N D E X 1   6 4 e 6 5 r 6 5  
HLMB=-HLMB 
NDEX-0 
BETA=-BETA 
CONT I NUE 
I F ( X G )   7 1 1 7 2 r 7 3  
IF (RPRIM- loO1   74175r76  
F ( K l r O . 0  
GO T O  4 8  

GO T O  48  
F ( K ) = - o 5 0  
GO TO 48  
NDEX=-l 
HLMB=-HLMB 
XGf-XG 

RRA4=4oO+RRA 

SNB-RRA-1.0 

F ( K ) = - o 2 5  

IF(RPR1M-1.0) 7 7 ~ 7 8 r 7 8  
F(Kl~~GK*XG*ZK/4oO/PI~RASOT 
F ( K ) = F ( K l + ( o 2 5 * H L M B l  

NE17  060 
NE17 061 
NE17  062 
NE17  063 
NE17  064 
NE17 065 
NE17  066 
NE17  067 
NE17 068 
NE17  069 
NE17  070 
NE17   071  
NE17  072 
NE17 073 
NE17  074 
NE17  075 
NE17  076 
NE17  077 
NE17  078 
NE17  079 
NE17  080 
NE17  081 
NE17  082 
NE17 083 
NE17  084 
NE17  085 
NE17  086 
NE17  087 
NE17 088 
NE17  089 
NE17  090 
N E 1 7   0 9 1  
NE17  092 
NE17 0 9 3  
NE17  094 
h E 1 7   0 9 5  
NE17  096 
NE17  097 
NE17  098 
NE17  099 
NE17 100 
NE17  101 
NE17  102 
NE17  103 
NE17  104 
NE17  105 
NE17  106 
NE17  107 
NE17  108 
NE17  109 
NE17  110 
NE17 111 
NE17  112 
NE17  113 
NE17  114 
NE17  115 
NE17  116 
NE17  117 
NE17  118 
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GO TO 79 
78 F~KI~-CK*XG+2K/4.O/PI*RAS~T 

79 IFtNDEX) 80,48948 
80 XG--XG 

NDEXtO 

81  F(K)=-F(Kl 

82 F(K)=-F(KI-0.5 

83 F(K)=-F(K)-l.O 
48 F(K)=-F(K) 

F(KItF(K)~.5~(.25*HLMBl 

IFtRPRIM-1.) 81,82983 

GO TO 48 

GO  TO 48 

IF(NPRINT1  175r175r174 

WRITE  (69142)  NRUNwNPAGE 
WRITE (6~2421 NPRINT 

DO 49 KI1,NOUT 

174  NPAGE = NPAGE + 1 

175 CALL FOURCS  (FwFwNwNOUTtNPRINTI 

49 AS(JsK)=F(KJ 
50 CONTINUE 

RETURN 
END 

NE17 119 
NE17 120 
NE17 121 
NE17 122 
NE17 123 
NE17 124 
NE17 125 
NE17 126 
NE17 127 
NE17 128 
NE17 129 
NE17 130 
NE17 131 
NE17 132 
NE17 133 
NE17 134 
NE17 135 
NE17 136 
NE17 137 
NE17 138 
NE17 139 
NE17 140 
NE17 141 
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SUBROUTINE  CNCOEF  (GVrXC)  NE18  001 
DIMENSION A(6)rB(6)rAS(6~r6S(6)eCNl(6)rCN2(6)r~~6r7)rPl6r6)rXCl6~ NE18 002 
DIMENSION  CVGIL)  NE18 003 
COMMON MZZZrCDrROrRlrR2rR3rPIrBrBSr~rASrP NE18 004 
VGIl  oO/GV  NE18  005 
C+Zo*CD  NE18 006 

C NE18 007 
C CALCULATE  COEFFICIENT  MATRIX  NE18 008 
C NE18 009 

TRO=2a*RO NE18  010 
35 C4D=C/8.0 NE18  011 
36  CLN=ALOG(32oO/C)~loO NE18  012 

O~lrl)~loO~Pllrl~~TRO*C4D*CLN-Rl*C4D NE18  013 
Q ~ ~ ~ ~ J ~ R ~ / ~ O O + C ~ D ~ T R O * C ~ D * O O ~ * C L N  NE18  014 
O~l~3)~~P~lr3)~R1+005*C4D+R3*C4D/600 NE18  015 
Q(lr4)=-RZ+C4D/400  NE18  016 
Q(lrSl~=Pllr51-R3+C4D/600 NE18  017 
O(lr6)=000 NE18  018 
O ~ 2 r l ) ~ P ( 2 r l ) - T R O + C 4 D - 2 m * R l * C 4 D * C L N - R 2 + C 4 D  NE18  019 
Q ~ ~ ~ ~ ) ~ P ( ~ ~ ~ ) ~ ~ O O ~ R ~ * C ~ D * C L N + ( R ~ + R ~ ) * C ~ D / ~ O O  NE18  020 
Q L ~ ~ ~ ) ~ C ~ D * ( ~ R O - R ~ / ~ O ~  NE18  021 
O(Zr4)~P(2r4~~C4D+(R3+Rl+Rl)/800 NE18  022 
Q(2r5)f-R2+C40/600  NE18  023 
012~6)1P(2r6)~R3+C4D/800 NE18  024 
0(3rl)=P(3rl)-C4D*(Rl+R3)=20*R2*C4D*CLN NE18 025 
Q(3r2)=RO*C4D/2.O-R2*C4D*CLN NE18  026 
Q(3r3)=PL3r3)-1oO-C4D*(R1/3o+R3/20) NE18  027 
0(3r4)=C4D*(R2/8o-R0/2.) NE18 028 
013~5)=P(3r5)+C4D*(R3/10o-R1/60) NE18 029 
Q(3r6)=-RZ+C40/800  NE18  030 
0(4rl)*P(4rl)-C4D*(R2+2o*R3*CLN) NE18  031 
Q(4r2)=P(4r2)+C4D+(Rl/4o-R3*CLN) NE18  032 
U ( ~ ~ ~ ) ~ C ~ D * ( R O / ~ O ~ R Z / ~ O )  NE18 033 
0~4r4)~P14r4~-10O~Rl*C4D/800 NE18  034 
Q ( ~ ~ ~ J ~ C ~ D * ( R ~ / ~ O O - R O / ~ O )  NE18 035 
Q(4r6)=P(4r6)-Rl*C4D/800 NE18 036 
Q(5rl)=P(5rl)-R3*C4D  NE18  037 
Q(5r21=R2+C4D/400  NE18 038 
Q(5r31=P(5r3)+C4D+(R1/6o-R3/20) NE18 039 
Q(5r4)~C4D*(R0/40°R2/40) NE18 040 
Q(5r5)=P(5r5)~1oO~C4D*R1/150 NE18  041 
0(5t6)=-RO*C4D/400  NE18 042 
0(6rl)=P(6rl)  NE18  043 
Q(6rZlrPlbrZ)+R3*C4D/4.  NE18 044 
QI6r3)=C4D*R2/600  NE18  045 
0(6r4)tP(6r4)+C4D+(Rl/Eo-R3/401 NE18 046 
Q ( ~ ~ ~ ~ ~ C ~ D * ( R O / ~ O ~ R Z / ~ O )  NE18  047 
Q(6r6)~P(6r6)-10O~C4D*Rl/80 NE18  048 

C NE18 049 
C CALCULATE  CONSTANTS  NE18 050 
C NE18  051 

DO 40 1 ~ 1 ~ 6  NE18 052 
C N l L I ) ~ T R O + B S ~ I ) ~ ~ 2 o * ~ ~ I ~ )  NE18  053 
GO T O  (41r42r43r44t45r46)rI  NE18  054 

41 CN1LI)=CNl(II+(R1*BS~2))+(RZ*BS(3))+(R3*8S(4)~ NE18 055  
GO TO 40 NE18 056 

42 C N ~ ~ I ~ ~ C N ~ ~ I ~ + R ~ * ~ B S ~ ~ ~ + ~ ~ O * B S ~ ~ ~ ~ ~ + R ~ * ~ B S ~ ~ ~ + B S ~ ~ ~ ~ + R ~ * ~ B S ~ ~ ~ + B S  NE18 057 
l(5) 1 NE18  058 
GO TO 40 NE18  059 
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43 C N l ~ I l ~ C N 1 ~ I l + R 1 * ~ B S ~ 2 ) + 8 S ~ 4 ~ J + R 2 * ~ ~ S ~ 5 l + ~ 2 ~ * B S ~ l l J ~ + R 3 * ~ B ~ ~ 2 l + B ~  NE18 060 
l(61) NE18  061 
GO  TO 40 NE18  062 

GO  TO 40 NE16  064 
45  NE18 065 

GO  TO 40 NE18 066  
46 CNl~1I-CNl~II+R1+8S~5I+R2+BS~4~+R3*ES~31 NE18 067 
40 CONTINUE  NE18  068 

AS(lI~AS(l)+loO  NE16 069  
DO 5 0  11116 NE16  070 
C N 2 ( I l ~ - 2 r * ~ A ~ I ) l + ~ T R O ~ ~ A S ~ I l ) )  NE18  071 
GO TO (51r52,53r54,55t561,1  NE18 072 

5 1  C N 2 ~ I I = C N Z ~ I l + R l ~ ~ A S ~ 2 l l + R Z ~ ~ A S ~ 3 ~ l + R 3 * ~ A S ~ 4 l ~  NE18 073 
GO TO  50  NE18 074  

151 1 NE18 076 
GO TO 50  NE18 077 

53 C N ~ ~ I ~ ~ C N 2 ( I ~ + R ~ + ~ A S ( 2 l + A S ~ 4 ~ l + R Z + ~ Z ~ * ~ A S ~ l ~ ~ + A S ~ 5 l ~ + R 3 * ~ A S ~ 2 ~ + A S ~ N E l 8  078 
161 I NE18 079 
GO  TO 50 NE18 080  

54 C N 2 ~ I l ~ C N 2 ~ I ~ + R 1 * ~ A S ( 3 l + A S ~ 5 l ~ + R 2 * ~ A S ~ 2 ~ + A S ~ 6 ~ ~ + R 3 * 2 ~ * ~ A S ~ l ~ ~  NE18  081 
GO  TO 50 NE16 082 

55 C N 2 ~ I l = C N 2 ~ I l + R l * ~ A S ~ 4 l + A S ~ 6 ~ l + R 2 * ~ A S ~ 3 ~ l + R 3 * ~ A S ~ 2 ~ ~  NE18  083 
GO TO 50 NE18 084 

56 C N 2 ~ I ~ ~ C N 2 ~ I l + R 1 + ~ A S ~ 5 l l + R 2 * ~ A S ~ 4 l l + R 3 * ~ A S ~ 3 l l  NE18 085 
50 CONTINUE NE18 086 

AS(l)=AS(l)-l.O NE18 087 
C  NE18  088 

CALL MATRIX(0*6) NE18 089  
59 DO 6 0  1 1 1 9 6  NE18 090 

XC(  It-0.0 NE18 091 
60 CVG(Il-CNl(I)+CN2(1l/GV  NE18 092 

DO 61 1-196  NE18 093 
DO 61 Jrlr6  NE18 094 

61 XC(I)=XC(Il+Q(I~J)*CVG(Jl NE16 095 
RETURN  NE18 096 
END  NE18 097 

44 C N l ~ I ~ ~ C N l ~ I ~ + R I * i B S ~ 3 ~ + B S ~ 5 l l + R 2 * ~ ~ S ~ Z l + B S ~ 6 ~ ~ + Z ~ * R 3 * ~ S ~ l J  NE18 063 

52 C N Z ~ I l ~ C N Z ~ I ~ + R 1 + ~ ~ . * ~ A S ~ l l l + A S ~ 3 l l + R 2 * ~ A S ~ 2 l + A S ~ 4 l l + R 3 ~ ( A S ~ 3 l + A ~ ~ N E ~ ~  075  
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SUBROUTINE  PRESS  NE19 001 
NE19 002 

DIMENSION T C R A T ( 7 ) r X V ( 1 9 ) r D V A ( 8 r 7 ) r F ( 8 r l 9 ~ r U P ( Z S ) r U M ( 2 5 ) r S U M U ( 2 5 J  ~ E 1 9  003 
DIMENSION S T ( S ) r U C B P ( 2 5 ) r V C B P ( 2 5 l r C S T ( 5 ) r S A V U ( 2 5 ) r F X ( 2 5 )  NE19  004 

NE19  005 
DIMENSION 8 ( 6 I r B S ( b ) r S A ( 6 ) r S A S ( 6 ) r P ( 6 r 6 )  NE19 006  
DIMENSION C ( 6 ) r A ( 2 5 r 6 ) r A S ( 2 5 r 6 ) r D ( 6 ) r D S ( 6 ) r S C ( 6 ) r G S ( 6 ) r H ( 6 )  NE19  007 
DIMENSION R 8 ( 2 5 ) r B R ( 2 5 ) r B T A 1 2 5 ) r T C B L D ( 2 5 ) r R A ( ~ 5 ) r X P ~ E S ( 2 ~ ) r P H I ( 5 )  NE19 008 
DIMENSION U G ( 2 5 ) r U Q D ( 2 5 ) r U C D ( 2 5 ) r U V ( 2 5 ) r U C ~ ( 2 5 ) r V C B ( 2 5 ) r  NE19  009 

1 U G P ( 2 5 r 2 5 ) r U G A 1 2 5 ) t G V ( 2 5 ) r G R V ( 2 5 ) r C P P ( 5 r 2 5 ) r C P ~ ( 5 r 2 5 J  NE19  010 
DIMENSION A L P H A ( 2 5 ) r S T A L L ( 2 5 ) r J S T L ( 2 5 I r T A L K ( 2 0 )  NE19  011 

NE19  012 
COMMON MZZZrCDrROrRlrR2rR3rPIrBrBSrSArSASrP NE19  013 
COMMON/NEARl/ NRUNrNBLDrNZrMZrNPRESrIRtNTIMEINERR,NPAGr~PHIrNPRINTNEl9 0 1 4  
COMMON/NEAR2/ CrArASrD,DSrSCrCSrH  VE19  015 
COMMON/NEAR3/ R R P r X P r Z r B L D r R B r B R r B T A r T C B L D n T C r R C B R P r A P A r A L F r X P ~ E S e N E l 9  016  

1 R A r X C B r X R r E L C B C r R M A X r P H I r C O R J r C O R C B  NE19  017 
COMMON/NEAR4/ U G ~ U Q D I U G D I U V I U C B I V C B ~ U G P B U ~ A ~ G V * G A M ~ S R V ~ C P P ~ C P M  NE19  018 
COMHON/NEAR5/ A R J ~ A R J P ~ E P S I R A D ~ C L I A L P H A ~ S T A L L ~ J S T L ~ T A L K  NE19  019 

NE19 020 
DATA T C R A T / 0 * 0 6 ~ 0 ~ 0 8 ~ 0 ~ 1 2 ~ 0 m 1 5 ~ 0 ~ 1 8 ~ 0 o 2 1 ~ 0 ~ 2 4 /  NE19  021 
DATA X V / 0 ~ 0 r 0 ~ 0 0 5 ~ 0 ~ 0 1 2 5 ~ 0 ~ 0 2 5 ~ 0 o 0 5 ~ 0 ~ 0 7 5 ~ 0 ~ 1 ~ ~ ~ 1 5 r ~ ~ 2 ~ 0 ~ 2 5 ~ 0 ~ 3 ~  NE19  022 

1 0 ~ 4 ~ 0 ~ 5 t 0 ~ 6 r 0 . 7 ~ 0 ~ 8 ~ 0 ~ 9 ~ 0 . 9 5 ~ 1 ~ 0 /  NE19 023 
DATA ~ D V A f 1 ~ 1 ~ ~ 1 ~ 1 r 7 ~ / 3 ~ 9 9 2 ~ 2 ~ 0 1 5 r 1 o 3 6 4 ~ 0 ~ 9 E 4 ~ 0 ~ 6 9 6 ~ 0 ~ 4 6 2 ~ 0 ~ 4 7 8 /  NE19  024 
DATA ~ D V A ~ 2 r 1 ~ ~ 1 ~ 1 r 7 ~ / 2 * 9 0 ~ 1 * 7 9 5 r 1 ~ 3 1 ~ 0 * 9 7 1 ~ 0 ~ 6 9 4 t 0 ~ 5 6 1 ~ 0 * 4 7 8 /  NE19  025 
DATA ~ D V A ~ 3 ~ I ~ r I ~ l r 7 ~ / 1 ~ 9 8 8 ~ 1 ~ 4 7 S r l ~ l 9 9 ~ 0 ~ 9 3 4 r O ~ 6 8 5 ~ 0 ~ 5 5 8 ~ ~ ~ 4 7 8 /  NE19  026 
DATA ~ D V A ~ 4 r I ~ r I ~ l r 7 ~ / 1 ~ 6 O ~ l o 3 l Z r l ~ l l 2 ~ O ~ 9 ~ ~ O ~ 6 7 5 r O ~ 5 5 7 ~ O ~ 4 7 ~ /  NE19  027 
DATA ~ D V A ~ 5 r I ~ r l ~ l r 7 ~ / 1 ~ 3 4 2 ~ 1 ~ 1 7 8 r l ~ O 2 6 ~ O ~ E 6 l r ~ ~ 6 6 2 ~ ~ ~ 5 5 5 ~ ~ ~ 4 7 8 /  NE19 028 
DATA ~ D V A f 6 r I ~ r I ~ 1 r 7 ~ / 1 ~ 1 6 7 ~ l ~ O 6 5 r O ~ 9 4 6 ~ O ~ 8 l 8 r 0 o 6 4 8 ~ O ~ 5 5 O ~ O o 4 7 E /  NE19  029 
DATA ~ D V A ~ 7 r 1 ~ r 1 ~ 1 r 7 ~ / 1 ~ 0 5 0 ~ 0 ~ 9 6 4 ~ 0 ~ 8 7 0 ~ 0 ~ 7 7 1 r 0 ~ 6 3 2 r 0 ~ 5 4 2 ~ 0 ~ 4 7 8 /  NE19 030 
DATA ~ F ~ l r I ~ ~ I ~ l ~ 1 9 ) / O ~ ~ O ~ 9 3 8 r 1 ~ 0 5 7 ~ 1 ~ 0 E 9 r 1 ~ l 0 3 ~ 1 ~ 1 ~ 7 ~ 1 ~ 1 0 1 r 1 ~ 0 9 8 ~ N E 1 9  0 3 1  

1 1~091rl~086rl~078r1~066~1~053rl.042rl.028~1~013r~~990~0*974~0~/NE19 032 
DATA ~ F ~ 2 r 1 ~ ~ I ~ l r 1 9 ~ / 0 ~ ~ 0 ~ 8 9 0 ~ 1 ~ ~ 5 0 ~ 1 ~ 1 0 5 ~ 1 o 1 2 ~ ~ 1 o 1 3 3 ~ 1 ~ 1 3 ~ ~ 1 ~ 1 2 E ~ N E 1 9  033 

1 1 ~ 1 2 2 ~ 1 ~ 1 1 4 r l . 1 0 6 ~ l ~ 0 8 9 r 1 ~ 0 7 2 r l . 0 5 4 ~ 1 ~ 0 3 9 r 1 ~ 0 1 7 r 0 ~ ~ 8 4 r 0 ~ 9 6 9 r 0 ~ / ~ E 1 9  034  
DATA ~ F ~ 3 ~ 1 ~ ~ 1 ~ 1 ~ 1 9 ~ / 0 . ~ 0 . 8 3 0 r l . 0 3 5 r l . 1 1 4 , 1 . 1 7 4 ~ 1 ~ 1 E 4 ~ 1 ~ 1 ~ ~ ~ 1 ~ 1 8 8 ~ N E 1 9  035 

1 1 . 1 8 3 r l o 1 7 4 r l ~ 1 6 2 ~ l ~ 1 3 5 ~ 1 ~ 1 0 8 ~ 1 o 0 6 0 ~ 1 ~ 0 5 3 ~ 1 ~ 0 2 2 ~ 0 ~ 9 7 8 ~ 0 ~ 9 5 2 ~ 0 ~ / N E 1 9  036  
DATA ~ F ~ 4 ~ I ) ~ I ~ l r 1 9 ~ / 0 . ~ 0 ~ 7 3 9 ~ 0 ~ 9 6 6 ~ 1 ~ 1 1 2 ~ 1 ~ 2 0 4 ~ 1 ~ 2 2 4 ~ 1 ~ 2 3 3 ~ 1 ~ 2 3 3 ~ N E 1 9  037 

1 1 ~ 2 2 9 ~ 1 . 2 1 8 ~ 1 o 2 0 4 r 1 . 1 7 0 ~ 1 ~ 1 3 1 ~ 1 ~ 0 9 8 ~ 1 ~ 0 6 4 ~ 1 ~ 0 2 4 ~ 0 ~ 9 7 2 ~ ~ ~ 9 3 4 ~ 0 ~ / N E 1 9  038 
DATA ~ F ~ 5 ~ 1 ~ ~ I ~ l r 1 9 ~ / 0 o r 0 ~ 6 8 2 ~ 0 o 9 2 6 ~ 1 ~ 1 0 3 ~ 1 ~ ~ 2 6 ~ 1 ~ 2 6 4 ~ 1 ~ 2 7 6 ~ 1 ~ 2 7 ~ ~ ~ E 1 9  039 

1 1 ~ 2 7 5 1 1 ~ 2 6 2 ~ 1 . 2 4 7 ~ 1 ~ 2 0 5 ~ 1 o 1 5 4 ~ 1 ~ 1 1 6 ~ 1 ~ 0 7 4 ~ 1 ~ 0 2 5 ~ 0 ~ 9 6 6 ~ 0 ~ 9 1 4 ~ 0 ~ / ~ E 1 9  040 
DATA ~ F ~ 6 r 1 ~ ~ I ~ 1 ~ 1 9 ~ / 0 . ~ 0 o 6 3 0 t 0 ~ 8 8 7 ~ 1 o 0 8 7 ~ 1 ~ 2 4 2 ~ 1 ~ 2 9 7 ~ 1 ~ 3 1 7 ~ 1 ~ 3 2 5 ~ N E 1 9  0 4 1  

1 1 ~ 3 2 0 ~ 1 ~ 3 0 6 ~ 1 ~ 2 9 0 e 1 ~ 2 4 0 ~ 1 ~ 1 7 8 r 1 ~ 1 3 3 ~ 1 ~ 0 8 5 ~ 1 ~ 0 2 7 ~ 0 ~ 9 5 7 r ~ ~ 6 9 5 ~ ~ ~ / N E 1 9  042 
DATA ~ F ~ 7 r 1 ~ t I ~ l r 1 9 ~ / 0 ~ ~ 0 ~ 5 7 9 ~ 0 ~ ~ 4 8 ~ 1 ~ 0 6 3 r 1 ~ 2 4 4 r 1 o 3 2 2 ~ 1 ~ 3 5 4 ~ 1 o 3 7 4 ~ N E 1 9  043  

1 1 ~ 3 6 8 r 1 ~ 3 5 0 ~ 1 ~ 3 3 3 r 1 ~ 2 7 7 ~ 1 ~ 2 0 4 ~ 1 . 1 5 1 ~ 1 ~ 0 9 7 ~ 1 ~ 0 3 2 ~ 0 ~ 9 4 4 ~ 0 ~ 8 7 9 ~ 0 ~ / N € 1 9  044 
NE19  045 

700  FORMAT ( / / / lOXr53HDUCT PRESSURE DISTRIBUTION  CALCULATION ASSUMES 
1 / C  rF5*3//) 

C 
I F  ( M Z Z Z )  2 r 1 9 2  

1 CONTINUE 
C 
C SET UP A TABLE OF COFiTINUOUS VELOCITY CORRECTION FACTORS 
C 

DO 3 1   J s l r 7  
TCPsTCRAT(J1 
J T C m J  
IF ( T C - T C R A T f J ) )  3 2 9 3 3 ~ 3 1  

32 IF (J-1) 1 3 2 r 1 3 2 r 3 4  
3 1  CONTINUE 

TNEl9  046 
NE19 047  
NE19 048 
NE19 049  
NE19 050  
NE19 0 5 1  
NE19 052 
NE19 053 
NE19 0 5 4  
NE19 055 
NE19 0 5 6  
NE19 057  
NE19 058 
NE19 059  
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1 3 2  WRITE ( 6 r 7 0 0 1  TCP 

I F  (N-71  37-37938 
33 DO 3 8   N s l r 1 9  

37   DVA(BrN)=DVA(JTCrN)  
3 8   F ( B r N I = F ( J T C , N I  

3 4  DELTC=(TCRAT(JTCl-TCRAT~.JTC-lll/(TCRAT(JTCl-TCl 
GO TO 3 9  

J= JTC 
DO 3 5  N t l r 1 9  

35  F(BrN)*lF(J-lrN)=F(JrNll/DELTC + F ( J * N J  
C 
C SET UP A TABLE OF THE DISCONTINUOUS  VELOCITY CORRECTION  FACTORS 
C 

DO 3 6   N * 1 r 7  
3 6  D V A ( B r N ) - ( O V A ( J - l r N l - D V A ( J I N ) ) / D E L T C  + DVA(J9N)  
3 9  CONTINUE 

RETURN 

2 CONTINUE 
C 

C 
C LOOK UP CONTINUOUS VELOCITY CORRECTION FACTOR 
C 

DO 4 9   N = l * I R  
DO 4 2   J = l r l 9  
JK= J 
I F   ( X P R E S ( N ) - X V ( J l I   4 1 r 4 7 , 4 2  

4 2  CONTINUE 
41 D E L X = ~ X V ~ J K ) - X V ( J K - l ) ) / ( X V ~ J K ~ - X P R E S ~ N I l  

F X ( N l ~ ~ F ~ 8 r J K - l l - F ( B ~ J K l ) / D E L X  + F ( 8 r J K l  
GO TO 4 9  

4 7   F X ( N ) * F ( B r J K )  
4 9  CONTINUE 

SNALF=SIN(ALF/RAD) 
CSALF=COS(ALF/RAD) 

C 
C COMPUTE VELOCITY INDUCED BY TRAIL ING VORTEX CYLINDERS 
C 

CALL GAMCYL ( C D I X P I N Z ~ R B I U G * I R I X P R E S * U G P ~ R R P ~ R A )  
DO 1 0  J x l r I R  

DO 1 2   J = l r I R  
DO 1 2   N = l r N Z  

10   SUMU(J )= loO 

12  SUMU(J)=SUMU(J) + UGP(NrJ ) *GV(N)  
C 
C COMPUTE VELOCITY INDUCED BY DUCT-BOUND V O R T I C I T Y  
C 

I R C x - I R  
C A L L  VTXRNG (CDIXPI IRCIRBICIUGDIXPRESIP)  
DO 14 J= l r IR  

14  SUMUIJ l=SUMU(J)  + UGD(J ) *GV(NZ l  
C 
C COMPUTE VELOCITY INDUCED BY THE CENTERBODY 
C 

I R C r -  I R 

DO 1 6   J = l r I R  
SUMU(J)=SUMU(J)  + UCBP(J)+CORCB 
SUMU(J)=SUMU(J)*CSALF 

CALL HUB ( C D r X R I X C B I E L C B C I R M A X I I R C I X P R E S I R B I H R P I U C B P t V C B P )  

16 SAVU(J )=SUMU(J )  

90 

NE19  060 
NE19 061 
NE19  062 
NE19  063 
NE19 064 
NE19 065 
NE19  066 
&E19 067 
NE19  068 
NE19  069 
NE19  070 
N E 1 9   0 7 1  
NE19 072  
NE19  073 
NE19  074 
NE19 075 
NE19   076  
NE19  077 
NE19  078 
NE19  079 
NE19 0 8 0  
NE19  081  
NE19 0 8 2  
NE19  083 
NE19 084 
NE19  085 
NE19  086 
NE19 087 
NE19 088 
NE19  089  
N E 1 9   0 9 0  
N E 1 9   0 9 1  
NE19  092 
NE19  093 
NE19  094 
NE19  095 
NE19  096 
NE19  097 
NE19  098 
NE19  099 
NE19 100 
NE19   101  
NE19  102 
NE19  103 
NE19 104 
NE19  105 
NE19 106 
NE19  107 
NE19  108 
NE19  109 
NE19  110 
NE19 111 
NE19  112 
NE19  113 
NE19  114 
NE19  115 
NE19  116 

NE19  118 
N E ~ P  1 1 7  



C 
C COMPUTE  VELOCITY  INDUCED BY ALPHA  VORTEX  RINGS 
C 

IF (SNALFI  20921920 

20  CALL  ALFRNG  (CDeIRtSC,UGA9XPRES) 
GO  TO  23 

C 
21 DO 22  J=lrIR 
22  UGA(Jl=OoO 
23 DO 99 MrlrNPHI 

CSPHI=COS(PHI(M)/RAD) 
SNPHI=SIN(PHIIM)/RAD) 
DO 90 JIlrIR 

90 SUMU(J)=SAVUtJ) 
DO 25  J=ltIR 

25  SUMU(J)=SUMU(J) + UGA(Jl+SNALF+CSPHI 
30 CONTINUE 

C 
C CORRECT  CONTINUOUS  INDUCED  VELOCITY 
C 

DO 48 N=ltIR 
48  SUMUIN)=SUMUIN)*FXIN) 

C 
C COMPUTE  DISCONTINUOUS  PORTION OF SURFACE  VELOCITY 
C 

DO 5 9  N=l,IR 

ST(l)=SQRT(lm-CT*CT) 
STt2)=2o*ST(l)*CT 
DO 50 K1395 
KM=K-1 
KMM=K-2 

IF (XPRES(N)-OolO)  51957957 

JK- J 

52 CONTINUE 
53 DVAX=DVAIBrJK) 

GO T O  55 
54 DELX=fXV(JK)-XV(JK-l))/~XV(JKI-XPRESo) 

D V A X - ( D V A ( B r J K - l ) = D V A ( 8 ~ J K ) ~ / D E L X  + DVA(8eJK) 

GO  TO  56 

C T N = C T 2 / S O R T ( l r - C T 2 + C f 2 )  

CT=lo-2o*XPRES(N) 

50 S T I K ) = Z o * S f ( K M ) + C T - S T ( K H H )  

51 DO 52  Jllr7 

IF (XPRESIN)-XV(J))  54953952 

35 CTN=DVAX+2oO+PI 

57  CT2=SQRT((lo+CT)/2.) 

56  CD=C(l)+CTN 
GA=SCIl)+CTN 
DO 58 J t 1 9 5  
CD-GD+C(J+l)+ST(J) 

58  CA=GA+SC(J+l)+ST(Jl 
GD=GD+GV(NZ)+CSALF 
GA=GA+SNALF*CSPHI 
U M ( N ) - S U M U ( N ) - G D / ~ ~ - G A / ~ O  

59 UP(N)~SUMU(N)+GD/~O+GA/ZO 
UT=SNALF*SNPHI 

C 
C COMPUTE  PRESSURE  COEFFICIENT  INSIDE  AND OUTSIDE DUCT  SURFACE 
C 

NE19  119 
NE19  120 
NE19 121 
NE19  122 
NE19  123 
NE19  124 
NE19  125 
NE19  126 
NE19  127 
NE19  128 
NE19  129 
NE19  130 
NE19  131 
NE19  132 
NE19  133 
NE19  134 
NE19  135 
NE19  136 
NE19 137 
NE19  138 
NE19  139 
NE19  140 
NE19 141 
NE19  142 
NE19  143 
NE19 144 
NE19  145 
NE19  146 
NE19 147 
NE19 148 
NE19  149 
NE19  150 
NE19  151 
NE19  152 
NE19  153 
NE19  154 
NE19  155 
NE19  156 
NE19  157 
NE19  158 
NE19  159 
NE19  160 
NE19  161 
NE19  162 
NE19  163 
NE19  164 
NE19  165 
NE19  166 
NE19 167 
NE19 168 
NE19  169 
NE19  170 
NE19  171 
NE19  172 
NE19  173 
NE19  174 
NE19  175 
NE19  176 
NE19 177 
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DO 60  N - l r  I R  
UfT-UT*FX{NJ 
UTT-UTT*UTT 
CPP(MIN)=~O-UP(NJ*UP(N) + UTT 

60 CPM(MBNJ~~O-UM(N)*UM(N)  + UTT 
99 CONTINUE 

RETURN 
END 

lvEl9 178 
NE19 179 
NE19 180 
NE19 182 
N E 1 9  182 
NE19 183 
NE19 184 
NE19 185 
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SUBROUTINE OUTPUT 

DIMENSION 8 ( 6 ) r B S ( 6 ) , S A ( b ) r S A S ( 6 ) , P ( 6 , 6 )  
DIMENSION C ( 6 ) r A ( 2 5 r 6 ) r A S ( 2 5 ~ 6 ) , D o r D S ( 6 ) ~ D S ( 6 ) ~ S C ( 6 ) , G ~ ( 6 ) , ~ ( 6 )  

C 
NE20 001 
NE20 002 
NE20 003 
NE20 0 0 4  

DIMENSION R B ( ~ ~ ) ~ B R ( ~ ~ ) ~ B T A ( ~ ~ ) ~ ~ C B L D ( ~ ~ ) , R A ( ~ ~ ) ~ X P ~ E S ( ~ ~ ) , P H I ( ~ )  ~ ~ 2 0  0 0 5  
DlWENSIOk U G ( 2 5 ) , U O D ( 2 5 1 r U G D ( 2 5 ) ~ U V ( 2 5 ) r U C B 1 2 5 ) ~ V C ~ ( 2 5 ~ ,  NE20 006 

DIMENSION A L P H A ( ~ ~ ) , S T A L L ( ~ ~ ) B J S T L ( ~ S ) , T A L K ( ~ ~ )  NE20  008 
DIMENSION C T D P ( l O ) , C N D P ( 5 ) , C M D P ( 5 ) , E ( 6 ) r F ( 6 ) , F S ( 6 )  NE20  009 

NE20  010 
COMMON M Z Z Z , C D , R O , R ~ ~ R ~ I R ~ , P I , B , B S I S A ~ S A S ~ P  NE20 011 
COHMON/NEARl/ N R U N I N B L D , N L , M Z I N P R E S I I R I N T I M ~ , N E ~ ~ , N P A G , N P H I , N P ~ ~ N T N E ~ O  012  
COHMON/NEARZ/ CIA,ASPD,DS,SCIGS~H NE20  013 

1 U G P ( 2 5 , 2 5 ) , U G A ( 2 5 1 r G V ( 2 5 ) , G R V ( 2 5 ) r C P P ( 5 r 2 5 ) , C P ~ ( 5 , 2 5 )  NE20 007  

C 

COMMON/NEAR3/ R R P I X P , Z I B L D , R ~ ~ B R I ~ T A ~ ~ C B L D I T C , R C B R P I A P A ~ A ~ ~ ~ ~ P R € ~ ~ ~ ~ ~ ~  0 1 4  
1 R A , X C B ~ X R I E L C B C I R M A X , P H I I C O R J I C O R C B  NE20  015 

COMMON/NEAR4/ U G I U Q D , U G D I U V I U C B I V C B ~ U G P ~ U G A ~ G V B G A M ~ G R V ~ C P P ~ C P M  NE20 016 
COMMON/NEARS/ ARJIARJPIEPSI~ADICLIALPHAISTALLIJSTL,TALK NE20  017 

C NE20 018 
101 FORMAT(15Hl RUN N U M B E R I I ~ , ~ ~ X I ~ H P A G E , I ~ / / )  NE20  019 
701  FORMAT(15Hl RUN NUMBER,I5rl7X15HOPTIONAL O U T P U T I ~ ~ X I ~ H P A G E I ~ / / ) N E ~ O  020 
702 FORMAT ( / 1 7 X l H ( ~ F 5 0 2 , 1 H ) ~ 2 9 X l H ~ ~ F 5 0 2 ~ 1 H ) )  NE20  021 
7 0 3  FORMAT ( l H l r 5 X 1 1 O k i R U N   N U M B E R I I S ~ ~ O X ~ ~ H D U C T  SURFACE PRESSURE DISTRINEZO 022 

~ B U T I O N , ~ O X , ~ H P A G E I I ~ / / )  NE20  023 
1 0 2  FORMAT ( 5X120A4/ / )   NE20  024 
113  FORMAT (9X4HH(N))   NE20 025 
1 1 4  FORMAT (9XSHSC(N) )  NEZO 0 2 6  
115 FORMAT ( 9 X 4 H C I N ) )  k E 2 0  027  
1 1 6  FORMAT ( 9 X 4 H B ( N ) 1  NEZO 028 
1 1 7  FORMAT (9X5HB(N)+)   NE20  029 
1 1 8  FORMAT (9XBHSUM A ( N ) I  NE20 030 
119  FORMAT (9X9HSUM A ( N ) + )   N E 2 0   0 3 1  
1 2 0  FORMAT (9X4HD(N) )   NE20  032 
1 2 1  FORMAT (9X5HD(N)* )   NE20 0 3 3  
1 2 2  FORMAT (9X6HA(MwN))   NE20  034 
123  FORMAT (9X7HA(MaN)+)   NE20  035 
1 2 4  FORMAT (14X*l6HEFFECTIVE  CAMBER,4FlOo6//1  NE20  036 
143  FORMAT(/lOX34HFOURIER  COSINE  SERIES COEFFICIENTS/15X5HN=lr65X4HM=lNEZO 037  

1 * 1 2 / / )  NE20 038 
1 4 8  F O R M A T  (7X12HDUCTe.o C/D6X4HXP/C6X3HT/C6X6HRTE/RP4X6HRCB~UP5X4HAPfU€2O 0 3 9  

l / A / l O X 6 F l O e 6 / / )   N E 2 0   0 4 0  
1 4 9  FORMAT ( ~ ~ X ~ H A L P H A ~ ~ X ~ H J I ~ X ~ H J ' * ~ X ~ H J  COS(A)*2XBHJ'COS(A)/   NE20  041 

l l O X 1 F 1 0 0 3 r 4 F 1 0 0 5 )  N E 2 0  042 
1 5 0  F O R M A T 1 5 X 1 H N 4 X 4 H R / R P 4 X 5 H U ~ D / V 7 X 5 H U G D / V 7 X 4 H U G / V E X 5 H U C B / V 6 X 8 H G A ~ M A / K N E 2 O  043  

1v 1 NE20 0 4 4  
1 5 1  F O R M A T ( / / / ~ ~ X I ~ ~ ~ X ~ ~ ~ H I T E R A T I O N S D  EPSILON  srF9.6)  NE20 045 
1 5 2  FORMAT ( / 1 7 X 6 H I N F L O W ~ 1 9 X 5 H B L A D E / 5 X l H N 4 X 4 H R ~ R P 5 X 3 H U / V 8 X 5 H G A M / V 7 X 5 H A N E 2 O  0 4 6  

lLPHA6X9HDELTA P / d )  NE20  047 
1 5 3  FORMAT ( / 9 X 6 H C T P ~ D ) 5 X 6 H C T D ( ~ ) 4 X 7 H C T D ~ ~ ) ' 5 X 4 H C T D ~ 7 X 5 H C T D P ' 6 X 4 H C N ~ P ~ N E 2 O  048 

1 7X4HCMDP 1 NE20  049 
1 5 4  FORMAT ( 2 X 4 H ( A )   , 7 ( 1 P E l l o 4 ) )   N E 2 0  050 
1 9 5  F O R M A T  1 2 X 4 H ( B )   r 7 ( 1 P E l l o 4 ) )   N E 2 0   0 5 1  

lEAM  DYNAMIC  PRESSURE//lOX46H(B)  COEFFICIENTS BASED ON PROPELLER TNEZO 053 
11P  SPEED)  NE20  054 

1 5 7  FORMAT ( / l l X , 5 3 H *  BLADE  SECTION LIFT  COEFFICIENT HAS EXCtEDED CLIUE20 055 
lMAX/ZOXtl4HIN  ANNULI  NOS0,2513)  NE20  056 

2 4 4  FORMAT ( S X t 6 ( 1 P E 1 3 0 6 ) )   N E 2 0   0 5 7  
245 FORMAT I F 9 e 4 , 5 ( 1 X Z ( l P E 1 0 0 3 ) ) )   N E 2 0   0 5 8  
2 5 0  FORMAT (/ /ZX7HAZIMUTH/3XBHPHI = / t 5 ( 3 H - - - 3 X , F 7 0 2 ~ 4 X 4 H o ~ ~ ~ ) )  NE20  059 

1 5 6  FORMAT (///5XBHNOTESoeo//lOX55H(A) COEFFICIENTS BASED ON FHEE STRIUEZO 052 
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2 5 1  FORMAT 1/5X4HX/C * 1 ( 3 X 6 H C P ( I N ) r 4 X 7 H C P ( O U T ) r l X ) )  NE20 060 
2 5 2  FORMAT (/5X4HX/C r 2 ( 3 X 6 H C P ( I N ) r 4 X 7 H C P ( O U T l r l X ) )  NE20 061 
2 5 3  FORMAT ( /5X4HX/C B ~ ( ~ X ~ H C P ( I N ) ~ ~ X ~ H C P ~ O U T ~ ~ ~ X ) I  NE20  062 
2 5 4  FORMAT f /5X4HX/C ~4(3X6HCP(IN)r4X7HCP(OUT~9lXl~ NE20  063 
255  FORMAT (/5X4HX/C r5 (3X6HCP( IN) r4X7HCP(OUT)r lX ) )  NE20  064 
256 FORMAT(///9X50HPRESSURE  COEFFICIENTS BASED ON PROPELLER TIP  SPEED)NE20  065 
257  FORMAT(//9X51HPRESSURE  COEFFICIENTS BASED ON FREE STREAM VELOC1TY)NEZO 066 
2 6 0  FORMAT (169F9.515(1PEl2.5))  NE20 0 6 7  
2 6 1  FORMAT (2XlH~I3~F905~5(lPE1205)1 NE20  068 

C NE20  069 
I F  (NTIME-50)   9309930,931  NE20  070 

9 3 1  NERR-1  NE20 0 7 1  
NPRINT-NPRINT+l  NE20  072 

930  SNALF-SIN(ALF/RAD)  NE20  073 
CSALF=COSIALF/RAD)  NE20  074 
ARJV-ARJICSALF  NE20  075 
ARJVP-ARJP/CSALF  NE20  076 
NCYLtMZ  NE20  077 

C NE20  078 

GO TO 9 0 1   N E 2 0   0 8 0  
900 NPAC=NPAG+l  NE20 0 8 1  

WRITE ( 6 9 7 0 1 )  NRUNgNPAG NE20  082 
WRITE ( 6 9 1 0 2 )  T A L K  NE20  083 
WRITE 1 6 9 1 4 8 )  CD~XP~TCIRRPIRCBRPIAPA NE20   084  
WRITE  16,124)  ROmR19R2rR3  NE20  085 
WRITE ( 6 9 1 4 9 1  ALFIARJV~ARJVPIARJIARJP  NE20 0 8 6  
WRITE ( 6 9 7 0 2 )  CORJeCORCB NE20  087 
WRITE ( 6 9 1 5 0 )   N E 2 0  088  
DO 61  J r l r N i !   N E 2 0   0 8 9  
X=UGIJ)+GAM NE20 0 9 0  
Y-UGD(J)+GAM  NE20 0 9 1  
R=RB(J)*RRP  NE20 OYZ 
XQ=UQD(J)+CORJ  NE20 093 
XY=UCB(J)*CORCB  NE20 094 

61  WRITE 1 6 9 2 6 0 )  J , R * X Q 9 Y , X t X Y * G R V I J )  NE20  095 
W R I T E  (6,151)  NTIMEmEPS NE20   096  

9 0 1   I F  (NPRINT.CE.10) GO T O  902  NE20  097 
GO TO 903  NE20  098 

902  NPAG=NPAG+l  NE20 099 
WRITE ( 6 9 7 0 1 )  NRUNINPAG NE20 100 
WRITE ( 6 9 1 0 2 )  T A L K  NE20   101  
WRITE ( 6 9 1 4 8 1  CDIXPITCIRRPIRCBRPIAPA NE20  102 
WRITE  (6,1491 ALFIARJVIARJVPIARJIARJP NE20  103 
WRITE (6,143)  NCYL NE20  104 
WRITE ( 6 9 1 1 5 )   N E 2 0   1 0 5  
WRITE  16,244) ( C ( J )  1 J = l 9 6 )   N E 2 0  106 
I F   ( A L F )   9 0 4 9 9 0 5 , 9 0 4   N E 2 0   1 0 7  

9 0 4  WRITE ( 6 9 1 1 4 )   N E 2 0   1 0 8  
WRITE ( 6 , 2 4 4 )   ( S C ( J ) r J = l t 6 )   N E 2 0   1 0 9  

905.  CONTINUE  NE20 110 
WRITE ( 6 9 1 1 6 )   N E 2 0  111 
WRITE ( 6 9 2 4 4 )   ( B ( K ) r K = l r 6 )   N E 2 0   1 1 2  
WRITE (6,117)   NE20  113 
WRITE ( 6 9 2 4 4 1   ( B S ( K ) , K = 1 * 6 )   N E 2 0   1 1 4  
WRITE ( 6 9 1 1 8 )   N E 2 0   1 1 5  
WRITE ( 6 9 2 4 4 )   ( S A ( J ) t J = l t 6 )   N E 2 0   1 1 6  
WRITE ( 6 9 1 1 9 )   N E 2 0   1 1 7  
WRITE ( 6 9 2 4 4 )   ( S A S ( J l r J x l r 6 )   N E 2 0   1 1 8  

I F  (NPRINT.EO.L.OR.NPRINT~GE~l1~ GO TO 900   NE20   079  
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YRITE  (6,120) 
WRITE ( 6 ~ 2 4 4 )   ( D ( N ) r N = l r 6 )  
WRITE (6,121) 
YRZTE (6,244) I D S t N )   r N l l r 6 )  
YRITE  (69113)  
WRITE (6 ,244)   (H(N) ,N= l r6 )  
WRITE (6,122) 
DO 924  M=l*NCYL 

Y R I T E   1 6 r 1 2 3 )  
00 925   M- l rNCYL 

9 2 4  WRITE (69244)   IA IMnN)rN=1,61 

9 2 5  Y R I T E  (6 ,244)   (AS(MsN) ,N= l r6 )  
C 

903 NPAC=NPAG+l 
WRITE (6,101) NRUNnNPAG 
WRITE (6,1021 TALK 
YRITE  (6,1481 CDsXPeTCmRRPIRCBRPtAPA 
YRITE ( 6 ~ 1 4 9 )  ALF~ARJV~ARJVPIARJIARJP 
WRITE (6,152) 
X-0. 
Y-0. 
DO 63  J= l ,NZ 
X-GRV(J)/Pl/ARJP*BLO/Z 
Y = Y + X  
R-RB(J)*RRP 
DELP-GRVIJ)+BLD/PI/ARJP 
I F   ( S T A L L ( J ) )   6 2 ~ 6 4 ~ 6 2  

6 4  WRITE (6 ,2601 J , R I U V I J ) ~ C V ( J I ~ A L P H A ~ J ) ~ D € L P  
GO TO 6 3  

62  WRITE (6,261) J , R I U V I J ~ ~ G V ( J I , A L P H A ( J ~ ~ ~ D E L P  
6 3  CONT I NU€ 

X=O.O 
C 
C COMPUTE DUCTED PROPELLER THRUST COEFFICIENTS 
C 

CTCF=ARJ*ARJ+PI /APA/8oO/CSALF/CSALF 
CTDP( l ) tY*APA+CSALF*CSALF 
DO 20 J=1,6 

CON==CD*PI*GAM*CSALF*CSALF 
2 0   E ( J l - S A ( J 1  + DfJ)*CORCB + B(J l *GAM 

C T D P ~ 2 ~ ~ C ~ 1 1 * ~ 4 o * E ~ 1 ~ + 2 . + E o )  + 2 o * C ( 2 ) + E ( 1 1  
C T A L F ~ S C ~ 1 ~ + ( 4 . * H ( 1 1 + 2 . ' H ( Z ~ I  + 2 . * S C I Z ) + H ( l l  
DO 2 1  Nm295 
CTALF-CTALF + S C ( N + l I * H ( N )  - S C ( N ) + H ( N + l )  

21 CTOPfZ)=CTDPfZ)  + C ( N + l I * E ( N )  - C ( N ) * E ( N + 1 )  
CTDP(Z)rCTDP(2)*CON + PI*CD+(~O*SC(~)+SC(~))*SNALF*SNALF 
CTALF~-PI*CD/2o*SNALF*SNALF*CTALF 
C T D P t 2 ) ~ C t D P f Z )  + CTALF 
X=RRP*RRP 
X = l . O - ~ 1 . O / X )  
X=X*DELP*CSALF*CSALF 
CTDP(3)=CTDP(21 + X 
C T D P ( 4 ) - C T D P ( l )  + CTDP(2 )  
C T D P ( 5 ) = C T D P ( l I  + CTDP(3)  
DO 22 J - 1 ~ 5  

22  CTDP(J+5)=CTDP(J)*CTCF 
C 
C COMPUTE  DUCT  NORMAL  FORCE COEFFICIENTS 
C 

NE20 119 
NE20 120 
NE20 121 
NE20 122 
NE20 123 
NE20   124  
NE20 125 
NE20 126 
NE20 1 2 7  
NE20 128 
NEZO 129 
NEZO 1 3 0  
NEZO 1 3 1  
NE20  132 
NE20  133 
NE20  134 
NE20  135 
NE20   136  
NEZO 1 3 7  
NE20  138 
NEZO 1 3 9  
NEZO 140 
N E 2 0  141 
NEZO 142 
NEZO 1 4 3  
NE20 144 
NE20  145 
NE20 146 
NEZO 147 
NE20  148 
NE20 149 
NE20   150  
NE20   151  
NE20  152 
NE20  153 
NE20   154  
NE20  155 
NEZO 156 
NE20  157 
NEZO 1 5 8  
NEZO 1 5 9  
NE20  160 
NEZO 161 
NE20 162 
NE20  163 
NE20 164 
NEZO 1 6 5  
NE20 166 
NE20   167  
NE20  168 
NEZO 169 
NE20  170 
N E 2 0   1 7 1  
NE20  172 
NE20  173 
NEZO 1 7 4  
NEZO 1 7 5  
NE20  176 
NE20  177 
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DO 30 J - 1 ~ 5  
CMDPIJI-0.0 

30 CMDP I Jb-OeO 
SACA-SNALFKSALF 
IF ISACAI 31,23,31 

31 MZZZ--l 
C 
C COMPUTE F(NJ AND F-STARIN) FOURIER  COEFFICIENTS 
C 

NF=SO 
CALL  VTXRNG (CD~XPBNF~?BIC,UCDIXPRESIP)  
MZZZ = 1 
DO 32 J=l,6 
FS(Jl=UCD(Jl 

32 F(J)=UtD(J+6) 
DO 33 J-196 

33  ES(Jl=SASfJl + DS(Jl*CORCB + (BS(Jl+FSIJl)*GAM 
C N D P ( 2 ~ ~ S C~11*~4.*ES~11+2~*€S~2~1 + Z**SC(Z)*ES(ll 
DUM-0 e 0 
DO  34 J=2,5 

34 D U W D U M  + SC(J+lI*ES(Jl - SC(J)+ES(J+lI 
CNDP(2)~ ICNDP(Z)+DUMI*P IaCD+SACA/Z*  
CNDP(3l~C(1)*(4.+GS(l)+2e~GS(211 + 2.*C~2I*GS(ll 
D U W O e O  
DO 35 J=Z*5 

35 DUM-DUM + C(J+l)*GSIJI - C(JI+GSIJ+l) 
CNDP(3l=(CNDP(3)+DUH)*PI~CD*SACA/2.+GAM 
CNDP~4l~PI~CD*SACA*~2.*SC(ll+SC~2~) 
CNDP(lI=CNDP(Z) + CNDP(31 + CNDP(41 

C 
C COMPUTE  DUCT  MOMENT  COEFFICIENTS 

NE20 178 
NE20 179 
NE20  180 
NE20  181 
NE20  182 
NE20  183 
NE20  184 
NE20  185 
NE20  186 
NE20  187 
NE20  188 
NE20  189 
NE20 190 
NE20  191 
NE20  192 
NE20  193 
NE20  194 
NE20  195 
NE20 196 
NE20  197 
NE20  198 
NE20  199 
NE20  200 
NE20  201 
NE20  202 
NE20 203 
NE20  204 
NE20  205 
NE20 206 
NE20  207 
NE20  208 
NE20  209 
NE20 210 
NE20  211 
NE20  212 
NE20 213 
NE20  214 
NE20  215 
NE20  216 
NE20  217 
NE20  218 
NE20  219 
NE20 2 2 0  
NE20  221 
NE20  222 
NE20  223 
NE20  224 
NE20  225 
NE20  226 
NE20 227 
NE20  228 
NE20  229 
NE20  230 
NE20  231 
NE20  232 
NE20  233 
NE20  234 
NE20  235 
NE20  236 
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70 DO 7 1   J - l r N 2  

72 N=N+l 
I F  ( S T A L L l J ) )  71, 71,   72 

J S T L ( N ) = J  
NTOT-N 

71 CONTINUE 
73 IF INTOT)  75,  75,   74 
7 4  WRITE ( 6 r 1 5 7 1   I J S T L ( N ) r N = l , N T O T l  
75 CONTINUE 

I F  ( N P H I I  99e99980 
C 

C 
C COMPUTE  DUCT SURFACE PRESSURE COEFFICIENTS 

00  CALL PRESS 
DO 8 1  I - l r N P H 1  
DO 0 1   J m l r I R  
IF (XPRES(J) -XP)   81982182 

8 2  C P P ( I + J ) = C P P ( I , J )  + DELP+CSALF+CSALF 
8 1  CONTINUE 

I F  (NPRESaLE.1) GO TO 85  
DO 8 3   I = l , N P H I  
DO 8 3   J m l r I R  
C P P ( I ~ J ) = C P P ( I I J ) + A R J V * A R J V / ~ ~ O  

83 C P M I I , J ) = C P M ( I I J ) * A R J V + A R J V / Z . O  
85 NPAG=NPAG+l 

WRITE ( 6 , 7 0 3 )  NRUNINPAG 
WRITE ( 6 r 1 0 2 1  TALK 
WRITE (6 ,148 )  CDIXPITCIRRPIRCBRPSAPA 
WRITE (6 ,149 )  ALFIARJVIARJVP,ARJ*ARJP 
WRITE ( 6 , 2 5 0 )  ( P H I ( J ) r J f l r N P H I )  
GO TO ( l r Z 1 3 r 4 r S ) r N P H I  

GO T O  6 

GO T O  6 

GO TO 6 

GO T O  6 

1 WRITE (6 ,251 )  

2 WRITE  16,252) 

3 WRITE (6 ,253 )  

4 WRITE ( 6 ~ 2 5 4 )  

5 WRITE ( 6 , 2 5 5 )  
6 CONTINUE 

DO 8 6  J x 1 , I R  

I F  (NPRES.LE.1) 60 TO 8 
WRITE ( 6 , 2 5 6 )  
GO TO 99 

8 WRITE (6 ,257 )  

86  WRITE ( 6 9 2 4 5 )   X P R E S ( J 1 r   ( C P P ( I r J ) r C P M ( I r J )   B I = l r N P H I )  

99 RETURN 
END 

NE20  237 
NE20  238 
NE20  239 
NE20  240 
NE20  241 
NE20  242 
NE20  243 
NE20  244 
NE20  245 
NE20  246 
NE20  247 
NE20  248 
NE20  249 
NE20  250 
NE20  251 
NE20  252 
NE20  253 
NE20  254 
NE20  255 
NE20  256 
NE20  257 
NE20  258 
NE20  259 
NE20  260 
NE20  261 
NE20  262 
NE20 263 
NE20  264 
NE20  265 
NE20  266 
NE20  267 
NE20  268 
NE20 2 6 9  
NE20  270 
NE20  271 
NE20  272 
NE20  273 
NE20  274 
NE20  275 
NE20  276 
NE20  277 
NE20  278 
NE20  279 
NE20 280 
NE20  281 
NE20  282 
NE20 283  
NE20  284 
NE20  285 
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8. SAMPLE CASES 

I n  t h i s  s e c t i o n ,   t h e   i n p u t  and ou tpu t  fo r  s e v e r a l  sample cases a r e  
descr ibed .  The input   decks   a re  shown i n   f i g u r e  6 and i l l u s t r a t e  both 
methods   o f   s tack ing   runs   d i scussed   in   sec t ion  4.1. The first case 
c o n s i d e r s  the ducted propeller on t h e  B e l l  X-22A a i r c r a f t  ( ref .  1 3 ) .  

Th i s   i npu t   deck   fo r   t h i s   ca se  i s  followed  by a b lank   ca rd ,   s ince  a 

d i f f e r e n t   c o n f i g u r a t i o n   f o l l o w s .  The second  and  succeeding  cases 
consider   the  ducted  fan  used  on  the Doak VZ-4DA a i r c r a f t  (refs. 1 2  and 1 4 ) .  

There a r e   f o u r   c a s e s   i l l u s t r a t e d   i n   f i g u r e  6. The f i r s t  of these fou r ,  
which follows t h e   b l a n k   c a r d ,  has a complete input   deck.  The remaining 

three c a s e s ,  which have  run numbers of 2010, 2020 ,  and 2030, use   on ly  
a s i n g l e   c a r d ,  s i n c e  on ly  the advance r a t i o  o r  t h e  angle of a t t a c k  is 
changed. The q u a n t i t i e s   r e q u i r e d   a s   i n p u t  were obtained  from 

r e f e r e n c e s  12-14 .  The o n l y   a r e a s   i n  which ques t ions  might a r i s e  are 
the geometric camber c o e f f i c i e n t s  and the centerbody  conf igura t ion ,  

both of which are d iscussed  below. 

The B e l l  duc t  has an  unusual  camberline  shape,  and the c o e f f i c i e n t s  

r e s u l t i n g  from  equation (48) d o   n o t   y i e l d  a shape tha t  matches the 

ac tua l   camber l ine  w e l l .  A bet te r  f i t  t o  the camberline was obta ined  
by   so lv ing   equa t ion  ( 4 7 )  a t  x/c = 0, 0.15, 0.45, and 0.7. These a r e  
t h e   c o e f f i c i e n t s  shown on t h e   t h i r d   c a r d  of the input   deck.  The 
centerbody model is  de termined   by   p lac ing   the  maximum centerbody  radius  
a t  i t s  t r u e  l o c a t i o n   a f t  of t he   f an .  The Rankine   body  resu l t s   in  a 
centerbody  which i s  l a r g e r  and more b l u n t   t h a n  the t rue   cen terbody.  
The shapes   a re  compared i n   f i g u r e  3 of   r e f e rence  1. 

The camberline of the Doak duc t  was best f i t  by   so lv ing   equa t ion  ( 4 7 )  

a t  x/c = 0 ,  0 . 2 5 ,  0.55, and 0.8; and these a r e  the c o e f f i c i e n t s  on the 

th i rd  ca rd  of the inpu t   deck   fo r  the second  case. The centerbody model 
is  determined  by  assuming the maximum centerbody  rad ius  t o  be a t  the  

propeller s t a t i o n .  The r e s u l t i n g  shape f i t s  the centerbody  nose  very 
w e l l  b u t  it i s  s h o r t e r   i n   l e n g t h   t h a n  the t rue   cen te rbody   a s  i s  shown 

i n   f i g u r e  4 of r e fe rence  1. 

Two runs  making  up  the  sample  case  output   are  shown i n   f i g u r e  7 .  

They a r e   t h e   f i r s t  t w o  runs   ob ta ined  from the s tacked  input   decks 
shown i n   f i g u r e  6. S ince   t he   ou tpu t  w a s  d e s c r i b e d   i n   d e t a i l   i n   s e c t i o n  5 ,  

n o   f u r t h e r  comments w i l l  be given here. 
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9. DATA COMPARISONS 

I n   o r d e r   t o   g i v e   t h e  program  user some i n d i c a t i o n   o f   t h e   n a t u r e  of 
t h e   r e s u l t s   o b t a i n e d  from  the  computer  program, some comparisons  with 
expe r imen ta l   da t a   a r e   p re sen ted .  The comparisons  included  herein  are  
b r i e f   because   o f  the s imi l a r i t y   be tween  the c u r r e n t   r e s u l t s  and those  
inc luded   i n   r e f e rence  4. 

Comparison  between t h e  measured and p r e d i c t e d   t o t a l   t h r u s t  
c o e f f i c i e n t  on t h e  B e l l  X-22A duc ted   p rope l l e r  i n  a x i a l   f l o w   ( r e f .  13) 
i s  shown i n   f i g u r e  8. These r e s u l t s   i l l u s t r a t e   t h e   e f f e c t  of advance 
r a t i o  and f a n   b l a d e   p i t c h   a n g l e .  The agreement i s  good u n t i l  compari- 
sons   a r e  made in   r eg ions   o f   poss ib l e  blade s t a l l ;   t h a t  is, low  advance 
r a t i o  and h igh   b lade   p i tch   angles .   Note   tha t   the   p rogram predicts t h e  
c o r r e c t   t r e n d   d u e   t o   b l a d e   s t a l l  when $3,4 = 49O even  though  the 
t o t a l   t h r u s t  i s  overpredic ted .  

The t o t a l   t h r u s t   c o e f f i c i e n t s   p r e s e n t e d   i n   t h i s   r e p o r t   i n c l u d e  
t h e   p r e s s u r e   t h r u s t   d u e   t o   t h e   i n c r e a s e d   p r e s s u r e   a f t   o f   t h e   f a n  
a c t i n g  on t h e   d u c t .  The p r e s s u r e   t h r u s t  is i n c l u d e d   t o   g i v e  better 
agreement  between  measured and p r e d i c t e d   d u c t   t h r u s t   a s  i s  shown i n  
r e fe rence  5. Thus t h e   o v e r p r e d i c t i o n   o f   t h e   t o t a l   t h r u s t   c o e f f i c i e n t  
i s  d u e   p r i m a r i l y   t o   t h e   p r e d i c t e d   f a n   t h r u s t   a s   d i s c u s s e d  i n  t h e  above 
r e fe rence .  The f a n   t h r u s t  i s  very  dependent on t h e   f a n   b l a d e   c h a r a c t e r -  
i s t i c s ,  and an e r r o r   o f  2 O  i n  the   b lade   p i tch   angle   can   cause   l a rge  
d i f f e r e n c e s   i n   f a n   t h r u s t .  

I n  f i g u r e  9,  t he   e f f ec t   o f   ang le   o f   a t t ack  and advance r a t i o  on t h e  
th rus t ,   no rma l   fo rce ,  and p i t c h i n g  moment on t h e  Doak duc ted   f an   ( r e f .  14) 
a r e  shown. The t h r u s t  and normal   force   agree   genera l ly   wi th   the   resu l t s  
i n   r e f e r e n c e  5; t h a t  is ,  t h e   t h r u s t  i s  w e l l  p r ed ic t ed   a t   h igh   advance  
r a t i o s  and a t  low angles   o f   a t tack ,  and the  normal   force i s  w e l l  p r ed ic t ed  
a t   h i g h   a d v a n c e   r a t i o s .  The ma jo r   d i f f e rence   i n   r e su l t s   occu r s   w i th  
p i t c h i n g  moments. Reference 5 showed  good p red ic t ion   o f   p i t ch ing  
moments, b u t   f i g u r e   9 ( c )  shows poor  agreement  with  experiment.  In the 

e a r l y  work described i n   r e f e r e n c e s  2 and 4, some simplifying  assumptions 
w e r e  n e c e s s a r y   i n   o r d e r   t o  compute d u c t   p i t c h i n g  moments. The a n a l y s i s  
of   re fe rence  1 removed these  assumptions and  showed some of  them t o  be 

incor rec t .   Unexpla inably ,   the  more e x a c t   a n a l y s i s   r e s u l t s   i n   p o o r  
agreement w i t h  experiment. 
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Comparison  of predicted and measured d u c t  s u r f a c e   p r e s s u r e   c o e f f i -  

c i e n t s   o n   t h e  Doak ducted   fan   a re  shown i n   f i g u r e s  10, 11, and 1 2 .  The 

p r e s e n t   r e s u l t s   a r e   n e a r l y   t h e  same . a s   t hose  shown i n   r e f e r e n c e  4 

where a la rger   range   of   condi t ions  was inves t iga ted .   Al though a = 20° 
is t h e   h i g h e s t   a n g l e   o f   a t t a c k  shown i n   f i g u r e s  11 and 1 2 ,  t h e   n a t u r e   o f  

t he   ag reemen t   on   duc t   p re s su re   coe f f i c i en t s  is  the same fo r   ang le s   o f  
a t t a c k   a s   l a r g e   a s  a = 80°. 

Nielsen  Engineer ing & Research,  Inc.  
Pa lo   A l to ,   Ca l i f .  

June  1969 
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Figure  1.- Theore t i ca l  model of d u c t e d  
f an  i n  a x i a l  f l o w .  
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Figure 2.- Blade section flow characteristics. 
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I 

Card NO. 1 

var iab le  T i t l e  

Description Any alphabetic  or  numeric  identification  information 

II 

U n i t s  H None 

Card No. 2 

Variable E RCB/Rp R h p  t / c  xd= c/D 

Description Convergence Ratio  of  cen- Ratio  of  duct Duct maximum Propel ler   loca-  Duct chord-to- 
d i a m e t e r   r a t i o   c r i t e r i o n  terbody  radius t r a i l i n g  edge  thickness-to- t i on  i n  f rac-  

t ion  of  duct 
rad ius  p e l l e r   r a d i u s  chord 
t o   p r o p e l l e r  r ad ius   t o   p ro -  chord r a t i o  

ti None I None I None I None I None I None I 

Card No. 3 

Four ie r   coef f ic ien ts  of the duct  geometric  camberline 

Figure 4.- Format of input   data .  



Card No. 4 

t e rbody  length  
to duct  chord 

U n i t s  

Location of Rat io  of  maxi- Location  of 
m a x i m u m  cen te r -  
body r a d i u s  

Card NO. 5 

Variable  

annu l i  on 
p r o p e l l e r  

equal   area p r o p e l l e r  
b l ades  

Number o f  Number of Descript ion 

NZ NBLD 

Units 

x x  x x  Format 
9 4 Card Column 

None  None 

, Value I l l  I I  

35 

NPRINT 

Output  index 

t a b l e   c o e f f i c i e n t  

None None None None 
14 29 25 19 
x x  

I I '  I 1 1  I I  
lxlx l x  x x  

~~ ~ ~~~ -~ ~ ~~ 

P r o p e l l e r   r a d i i  a t  which b l a d e   c h a r a c t e r i s t i c s   a r e  t o  be   i npu t ,   spec i f i ed  as a f r a c t i o n  of propdlar 
r a d i u s  1 

(')"ha number of  10 column f i e l d s  w i l l  be  equal t o  NZP (Card No. 5 ) .  Each c u d  w i l l  accomodate 8 f i e l d s ;  thoreforo, 
i f  NZP > 8 ,  the   remain ing   f ie lds   a re   inc luded  on fo l lowing   cards   having  the same format am Card No. 6 .  

I- 
O 

Figure 4.- Continued. 



Card No. 7 (b) 

of propeller  radius. 

Card No. 

Card No. 9 ( b )  

variable t/b 

Propeller  thickness-to-chord  ratio at stations  corresponding to radii  on  Card No. 6 .  

(b)The  same  number of cards  are  required for b/Rp, 8 ,  and t/b  as  are  required for r/Rp. 

Figure 4.- Continued. 



Card  No.  10") 

Location  on  duct  at  which  pressure  coefficients  will be calculated,  specified  as  a  fraction of 
duct  chord. 

Card No. 11 

Description Azimuth  angles at which  duct pre88Urcdistrib"tion.ill ba- Angle of Advance Number  of  Run  nun- 
ber calculated. attack ratio azimuth 

# o ( l a  1 < 90') (J # 0) angles 
1 5  

Units Degrees I Degrees 1 Degrees I Degree8 I Dogreem Degrees None  None  None 

("The number  of 10 column  fields  will be equal  to IR (Card  No. 5) 

Figure 4.- Concluded. 



" I 
"" 

"r 
Reference  cylinder 

-0-" 

source 

Figure 5.- Centerbody  geometry. 
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SAMPLE CASE I BELL X-22A DUCTED PROPELLER e.. BETA(3/41=29 DEGREES 
0.525 

-00.39985 
0.890 
4 20 
0.175 
0.65 
O D  333 
05222 

6 4 .  0 
32.5 
0. 320 
0.130 
0.0 
0.10 
0.50 

1000 1 

SAMPLE CASE 
0.608 

o r002748  
2.16 
8 20 
0.332 
0. 156 

48.0 
0.190 
0.0 
0.10 
0. 50 

2000 5 
20 10 5 
2020 1 
2030 5 

0.286 0.170 
-0083845 -0062813 

000067 0.202 
12  23 1 1 

0.250 0.30 
0.75 0.85 
0 309 0.293 
0.217 0.212 

58.5 55.0 
29.0 26.5 

O e 2 8 0  0.255 
0. 100 0 . 070 
0.0025 0 0050 
0.15 0.20 
0.60 0.70 
0.10 0.0 

I 1  . e .  DOAK VZ-4DA 
0.293 0.160 

0.029679 -6032916 
00.561 0.115 
8 23 1 
0.40 0.50 
00 155 0.152 

0.154 0.120 
0.0025 0 0050 
0.15 0.20 
0.60 0.70 
0.178 20.0 
0.178 1000 
0,178 0.0 
00 342 20.0 

43 00 36.0 

1.102 

0.467 
-0027351 

0.40 
1.00 
0.260 
0.204 

48. 0 
23.5 

0.210 
0.030 
0.010 
0.25 
0.80 
0.0 

DUCTED FAN 
1 0 1 3 1  

0006403 
0.293 

0.60 
0.144 

0.100 

0.25 
0.80 
0.0 
0 . 0  
0.0 
0.0 

30.0 

0.01 

00175  0.01 

0.45 O b  50 0.55 

0.246 0.235 0.228 

44  0 4  41.0 37.7 

0.190  0.180  0.160 

0.020 0.030 0.040 
0.285 0.267 0.30 
0.90 0.95 1.00 

. e .  B E T A ( T I P J =  15 DEGREES 
0.332 0.01 

0.70 0.80 
0.131 0.117 

0.084 0 ~ 0 7 2  
0.02 0.03 
0.292 0.294 
0.90 0.95 

2 5 0 0  20 .8  

45.0 90.0 
4 5 0 0  90  D O  

45.0  90.0 

0.90 
0.104 

0.062 
0.04 
0.30 
1.00 

17.5 

135.0 
135.0 

135.0 

0.60 

0.224 

34 .8  

00 145 

0.050 
0.40 

1 000 
0. 0 9 1  

15.0 
0.054 
0 005  
0.40 

180.0 
18010 

189.0 

Figure 6.- Sample input data. 



HUN N U H 8 E R  1 0 0 9  P A G E  0 

S A M P L E   C A S E  I 0 . 0  BELL X - 2 2 A  DUCTED P R O P E L L E R  0 . 0  8 E T A ( 3 / 4 ) = 2 9   O E G R E E S  

I N P U T  
D U C T  GEOMETRY... C / D  X P / C  T / C  R T E / H P   R C B / R P  

.?.525ciT)J 3.286035  0 .17b03,:   1 .132b): .   3 .1750'3 '  

P H O P E L L E R  GEOMETRY... 3 l l L A O E S  

C E N T E K B O O Y   G E O M E T R Y . . .   L C b / C   X C B / C   R M A X / L C B   X ( R M A X ) / C  
9 .89 . i i : j  -U:a67c~ J . 2 ~ 2 3 . 1  .1 .46723  

D E F I N I T I O N  OF S Y M B O L S   U S E D  I N  T A B U L A K   O U T P U T . - .  

R / R P  
B / R P  
HETA 
TH/CHD 
V 
U 
J 
J '  
G A M / V  
A L P H A  
D E L T A   P / O  

C T U P '  
C N D P  
C C U P  

R A D I A L   P R O P E L L E R   S T A T I O N  I N  F R A C T I O N  UF P R O P E L L E R   R A D I U S  
P R O P E L L E R  CHORD IN F R A C T I O N  OF P R O P E L L E R   R A D I U S  
P R O P E L L E R   P I T C H  I N  D E G R L E S  
P H i J P E L L t K   B L A D E   T H I C K N E S S - T O - C H U R D  H A T 1 0  
F R E E   S T R E A M   V E L O C I T Y  
T O T A L   I N F L O W   V E L O C I T Y  
A D V A N C E   R A T I O  
K A T I O  OF V T O  P R O P E L L E R   T I P   S P E t O  
S T R E N G T H  O f  I N T E R N A L  V O A T L X  C Y L I N D E R  N 

R I S E  I N  T O T A L   P R E S S U R E   A C R O S S   P R O P E L L E R   N O R M A L I Z E D  

T H R U S T   C O E F F I C I E N T  UN P R O P E L L E R  I N  T H E   D U C T  
T H A U S T   C O E F F I C I E N T   O N   T H E   D U C T  
T U T A L  THKUST CUEFF IC I E N T  L: >. 

T H R U S T   C O k F F I C I E N T  O N  D U C T  I N C i U D I N G  PRESSURE T H R U S T  ON 

T O l A L   T H R U S T   C O E F F I C I E N T   I N C L U D I N G   P R E S S U R E   T H R U S T  
T O T A L   N O R M A L   F O R C E   C O E F F I C I E N T  
T U T A L   P I T C H I N G   M O M E N T   C O E F F I C I E N T  

A N G L E  OF A r T A C K v   D E G R E E S  

O N   F R E E   S T H E A M   D Y N A M I C   P R E S S U R E  

THE D U C T   A F T  OF T H E   P R O P E L L E R  

( a )  B e l l  X-22A ducted   propel le r .  
Figure 7.-  Sample output .  
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RUN NUMBER 1030 OPT I ONAL  OUTPUT  PAGE 1 

SAMPLE C A S E  I ... BELL  X-22A  DUCTED  PROPELLER ... B E T A ( 3 / 4 1 = 2 9  DEGREES 

DUC1m.e C/D  XP/C T / C  RTE/RP  RCB/RP  AP/A 
Oe525000  3m286DOU  Om170033  1m132U03  0.175033  Om798231 

EFFECTIVE CAMBER -0 .343554   -3 ) *123544   -3 .075738  -0.324365 

( 4 .58)  
.N R /RP UOD/ V 
1 h e 2 2 8 1 2  2 m 0 8 7 3 6 E - 3 1  
2  1 .31920 2 m 2 4 8 9 1 E - 3 1  
3 .le38836 2m423U6E-31 
4  0 .44669 2 . 6 1 3 1 7 6 - 0 1  
5  3.49814 2 - 8 2 1 5 1 E - 3 1  
6 3 .54471  3 e 0 5 3 3 2 E - 0 1  
7  2 .58758 3 - 3 0 1 . 9 J E - 0 1  
8 3 .62751  3 - 5 7 8 6 9 f - 0 1  
9  3 .66504 3 . 8 8 3 1 3 E - D l  

13   3 .73356  4 - 2 1 7 5 4 E - 0 1  
11 3.73435 4 . 5 8 3 9 5 E - 3 1  
1 2   3 . 7 6 6 6 6  4 - 9 8 3 7 5 E - 0 1  
1 3   3 . 7 9 7 6 6  5 . 4 1 7 4 4 6 - 0 1  
1 4   . ) e 8 2 7 4 9  5m88411E-91  
1 5  Cr.85628 6 . 3 8 1 2 5 6 - 0 1  
1 6   3 . 8 8 4 1 4  6 e 9 U 4 3 6 E - 3 1  
1 7   3 . 9 1 1 1 4  7 . 4 4 5 9 8 E - 0 1  
1 8   3 . 9 3 7 3 7  7 - 9 9 8 4 8 6 - 0 1  
1 9   3 . 9 6 2 8 8  8 . 5 5 1 7 9 E - D l  
23   3 .98773 9 o 8 9 7 4 3 E - 3 1  

( 6.37) 
UGD/V  UG/V  UCB/V 

5.23663E 00 1m42872E 30 5.40376E-91 
5.33044E 33 1.235186 90 3 . 7 5 0 1 7 E - 0 i  
5.4254DE 30 1m20587E OD 2.86758E-01 
5.52278E 03 1 - 1 7 6 3 6 E  i 3  2.31453E-01 
5.62282E 03 l e l 4 7 1 9 E  *.YO 1 .93476E-01  
5 .725546  01 1 e 1 1 8 0 8 E  ' I D  1 .65756E-31  
5 .83089E DO 1.08937E d 0  1 e 4 4 6 1 6 E - 0 1  
5.93876E 00  1 - 3 6 3 7 7 E  4.10 P e 2 7 9 5 8 E - d l  
6 . 0 4 8 8 9 6  3.3 l m 3 3 2 7 2 E  b 3  l m 1 4 4 9 3 E - ~ l  
6 .16398€  00 1-,3J4!54€ DD 1 . 0 3 3 8 5 6 - 3 1  
6 o 2 7 4 8 1 E  0 3  9 . 7 7 3 9 1 6 - 0 1  9 - 4 t 6 8 5 E - 0 2  
6e39D17E 00 9 o 5 0 3 4 8 E - 3 1  8 0 6 1 4 6 4 6 - 0 2  
6 e 5 3 5 9 4 E  0 3  9 - 2 3 9 1 2 E - 3 1  7 - 9 3 3 1 2 E - 3 2  
b e 6 2 0 7 8 E  03 8 * 9 7 9 8 6 E - ~ l  7 - 3 4 3 9 5 E - 3 2  
6m73757E OO 8 * 7 2 4 2 9 6 - . * ~ 1  6 - 8 2 1 9 5 E - 0 2  
6 e 8 5 0 8 7 E  0 0  8 e 4 7 5 1 8 E - 3 1  6 .36364E-02 
6.95638E 00 8 * 2 3 2 4 3 E - , * 1  5 - 9 5 6 2 1 E - 3 2  
7mJS912E J.3 7.99407€- .11  5 0 5 9 1 8 6 E - 0 2  
7m15662E 0 0  7m76403E-31 5 .26428E-02 
7 .24777E 30 7 - 5 3 8 4 5 E - 3 1  4 - 9 6 8 3 6 E - 0 2  

8 ITERATIONSp EPSILON = D . ? l J O D ~  

(a) Continued. 

.-J" f l ?  FiS'-re 7. - Continued. 
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RUN  NUMBER 1000 PAGE 2 

SAMPLE CASE I 0 . 0  BELL X-22A DUCTED  PROPELLER 8ETA(3/4)=29 DEGREES 

DUCT... C / D  XP/C T /C  RTE/RP RC8/RP AP/A 
0*525000  9.286000  0.173000 1.102003 0.175300  0.798231 

INFLOW  BLADE 
N R/RP u/v GAM/V ALPHA DELTA P/Q 
1 3.22812 B022806E Ob-5035298E-01 1.12873E Dl 6.04887E 01 
2 3.31923 8.25299E 30-3083307E-01 1.43056E 0 1  6.91703E 0 1  
3 J.38836 8.44199E 00-3.33430€-01 1.42232E 01 7.57393E 0 1  
4 ,1044669 8.62658E 00-9.48361E-02 1.31372E 01 8.11472E 01 
5 3.49814 8.74799E OU 1.78412E-31 1.19394E 01 8.28753E 31 
6. 1.54471 8073259E 00 1048369E-01 1.10174E 01 7096392E 01 
7  8.58758 8.73975E 30 9.42183E-02 1.91865E b l  7.69965E 0 1  
8 8.62751 8.78313E 30 5.52901E-02 9.52116E DO 7.53412E 0 1  
9  Do66504 8.85469E 30 3.92945E-32 9mQO640E 00 7.43781E 01 

13 0.73356 8.94585E 00 7.09063E-02 8.61084E 00  7.38530E 0 1  
11 8.73435 9oD2441E 35 4.74073E-02 8.18429E 00 7026311E 0 1  
12  0.76666 9.12136E 33 2.21891E-02 7084249E 03 7.18197E 81 
13  0.79766 9.2358.3E 30 4.59868E-02 7.57733E 03 7.14415E d l  
14 0.82749 9.3424QE 00 5.73186E-02 7.29640E 00 7.56638E 0 1  
15 0.85628 9044943E PO 3.18934E-02 7.52046E 03 6.96937E 31  
16 3.8A414 9056927E DD 4.33428E-32 6.86902E C3 6.91584E 01 
17  J.91114 9.67932E 00 5.5792lE-02 6.59597E 80 6.84342E 0 1  
18 0093737 9078178E 00 6.48346E-02 6.37873E OB 6.75075E 9 1  
19  5.96288 9.876i33E 32 7.12116E-32 6.162156 05 6064384E 31 
23 3.987?3 9.96366E 3 3  7014D88E 03 5.94959E 00 6052739E 31  

( A )  COEFFICIENTS BASED UN  FREE S T R E A M  DYNAMIC PRESSURE 

( 8 )  COEFFICIENTS BASEL) ON PROPELLER T I P  SPEED 

BLADE SECTION L IFT  COEFFICIENT HAS EXCEEDED CLMAX 
I N  ANNULI NOS. 1 2 3 4 

( a) Continued . 
Figure 7.- Continued. 
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RUN  NUHBER 1003 DUCT  SURFACE  PRESSURE DISTRIBUTION PAGE 3 

SAMPLE CASE I o . 0  BELL X-22A DUCTED  PROPELLER 0 . 0  BETA(3/4)=29 DEGREES 

DUCT... C/O XP/C T/C RTE/RP RCB/RP AP/A 
0.525000 0.286000 0.170000  10102000  0.175000  0.798231 

ALPHA J J '  J C O S ( A )  J ' C O S t A )  
O.Oc)O 0.10009 0002888 0.10000 0.02088 

AZIMUTH 
PHI /--- j 30 "-/"- 

X / C  CPI   IN )  CP( OUT 1 
0.00D0 -2.5366 02-2.536E  02 
3.3025  -2.735E  02-1.905E  02 
0.0050 -2.861E  02-1.307E  02 
0.0100 -2.724E  02-9.522E D l  
000200  -2.444E  02-5.532E 01 
0.0300 -20214E  02-3.528E 01 
0.0400  -20033E  02-2.414E 0 1  
0.0500 -1.851E  02-1.480E D l  
0.1003 -1.425E  02-2.476E 00 
.3.1500 -10218E  02  20554E-31 
002003 -1.117E 02  80872E-01 
0.2500  -1o059E 02 9.914E-01 
0.205.0  -1.D31E 02  90998E-01 
3.2070  -3.768E 01   90999E-31  
0.3000 -30685E  01  90998E-01 
Oo4000 -2.998E 01  9.861E-01 
0.5000 -1.931E 01 90005E-01 
0.6000 -7.510E 30 5.112E-01 
0.71JOO 1.453E 00 1.531E-01 
G.8300 2.062E 00 5o952E-01 
0.9000  -2.995E 03 9.926E-31 
0.9500  30679E 30 9.944E-Pl 
1.0003  6.6276 0 1  1.000E 00 

PRESSURE COEFFICIENTS BASED ON FREE  STREAM VELOCITY 

(a) Concluded. 

Figure 7.- Continued. 
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RUN N U H 8 E R  2093 P A G E  3 

S A M P L E   C A S E  I 1  0 . 0  D O A K   V Z - 4 D A   D U C T E D   F A N   B E T A ( T I Y 1 -  1 5  D E G R E E S  

P R O P E L L E R   G E O M E T R Y  8 B L A D t S  

C E N T E H B O D Y  GEOMETRY... L C B / C  X C B / C  R M A X / L C B   X ( R M A X 1  /C  
2.1600ir -0.56130 3 . 1 1 5 3 0  3 . 2 9 3 3 0  

C O N V E R G E N C E   C R I T E R I O N . . .   E P S I L O N  =3*31902 

D k F I N I T I O N  OF S Y M B O L S   U S E D  I N  T A B U L A R   O U T P U T * . .  

R / R P   R A D I A L   P R O P t L L E R   S T A T I O N  I N  F R A C T I O N   O F   P R O P E L L E R   R A D I U S  
8 / R Y   P R O P E L L E R   C H O R D  I N  F R A C T I O N  OF P R O P E L L E R   R A D I U S  
B E T A   P R O P E L L E R   P I T C H  I N  D E G R E E S  
T H / C H I )   P R O P E L L E R   B L A D E   T H I C K N E S S - T O - C H O R D   R A T I O  
V F R E E   S T R E A M   V E L O C I T Y  
U T O T A L  INFLOW V E L O C I T Y  
J A D V A N C E   R A T I O  
J '  R A T I O  OF V T U   P R O P E L L E R   T I P   S P E E D  
G A M / V   S T R E N G r H  OF I N T E R N A L   V O i t T E X   C Y L I N D E R  N 
A L P H A   A N G L E  OF A T T A C K ,   D E G R E E S  
D E L T A   P / O   R I S E  I N  T O T A L   P R E S S U R E   A C K U S S   P K O P E L L E R   N U R M A L I Z E U  

O N   F H E E   S T R E A M   D Y N A M I C   P R E S S U R E  
C T P ( D 1   T H R U S T   C O E F F I C I E N T  ON P R O P E L L E R  I N  T H E   D U C T  
C T D l   P I   T H R U S T   C O E F F I C I E N T   O N   T H E   D U C T  
C T D P   T O T A L   T H R U S T   C U E F F I C I E N T  
C T D ( P ) *   T H R U S T   C O E F F I C I E N T   O N   D U C T   I N C L U D I N G   P R E S S U R E   T H R U S T  ON 

C T D P '   T O T A L  T H R U S T   C O E F F I C I E N T   I N C L U D I N G   P R E S S U R E   T H R U S T  
C N O P   T O T A L  N O R M A L   F O R C E   C O E F F I C I E N T  
C H O P   T O T A L  P I T C H I N G  M O M E N T   C O E F F I C I E N T  

T H E   U U C T   A F T   O F   T H E   P R O P E L L E R  

(b) Doak VZ-4DA ducted fan.  

Figure 7.- Continued. 
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RUN NUHFJER 2 0 5 0  PAGE 1 

SAMPLE CASE I 1  0.. DOAK VL-4DA DUCTED FAN e.. B E T A ( T I P ) *   1 5  DEGREES 

DUCT... C / O  XP/C T /c RTE/RP  RCB/RP  AP/A 
3063815Oii 30293000 3.16003D l o l 3 1 9 0 . '   3 . 3 3 2 0 9 3   5 0 6 9 5 5 9 3  

ALPHA J J9 J C O S I A )  J ' C O S ( A 1  
20.309  3.17803 0.05413 3.16727 3.34738 

INFLOW  BLADE 
N  H/RP u/v GAH/V PLPHA DELTA  P/Q 
1 J.36267 5 0 2 3 6 7 9 E  30-1.35218E-31 8.25662E '30 2.89134E 0 1  
2  . )a41983 5.26777E 09 3.17357E-32 7 . 9 2 S l l E  33 3004138E 01  
3 0.46999 5 0 2 7 5 7 9 E  00 9.98359E-02 7.29327E 39 3 o t 3 5 6 1 E  01 
4  0.51524 5.25198E 00 1019916E-31 6.65377E 30 2.89533E 3 1  
5 3.55683 5.22334E 33 1.72383E-31 6.12156E 30 2.76551E J l  
6  1.59545 5.16455E 00 1.52069E-01 5.54330E 33 2.58393E 01 
7  5.63174 5.12088E 00 1.76659E-01 5.12549E 33 2.42868E D l  
8 d.66634 5.3668i)k 30 2.35082E-01 4.73483E : j O  2.25413E 3 1  
9 3.69866 5.'?0318E 00  1.67463E-01 4.26461E 3D 2.35933E 3 1  

19 3.72982 4.95392E 3 0  1.84996E-31 3.93421E .39 1093653E J l  
11 3.75970 4.90023E 30 2.03283E-01 3.59579E 1.74419E 3 1  
12 J.78845 4.83857E 53 1.74513E-01 3.24839E CjD 1.57372E 01 
13 3.81618 4.79220E 30 1.56123E-01 2096434E .,D 1043398E 0 1  
14  3 .84300 4.75555E 33 1.68195E-31 2.72148E 53 1.31412E J 1  
15 3.86899 4 . 7 1 3 4 2 t  30 1.79273E-01 2.47416E 30 1.19045E 2 1  
16  ,1.89423 4.66632E r)O 1 o 3 6 5 4 l E - 3 1  2.22443E 36 1.66487E 3 1  
17  3.91877 4.63838E 30 1.27256E-01 2034616E 9.73527E 30 
18  3 .94268 4.61378E 03 1.33534E-31 1.88825E I , C I  8091761E 29 
19  3.96599 4.58513E 00 1.38477€-01 1.72899E LID 8.09456E 33 
20  3.98875 4.55222E 30 1.87724E 00 1.57329E ;iC. 7.27852E 33 

C T P l U J  CTDtP)   CTDtP) '  CTDP C TDP CNDP  CMDP 
( A )  1.1534E 31 8.9945E 30 1.b397E 0 1  2.0528E b l  2.1931E 5 1  2.7529E CJ, 1.1474E 011 
( 8 )  2.3631E-ul  1.6089E-01  1.859BE-31  3.6719E-Gl  3,92286-31  4.9241E-1/2  1.16. '6€->2 

NOTES.  

( A )  COEFFICIENTS BASED ON FREE S T R E A M  DYNAMIC PRESSURE 

( 8 )  COEFFICIENTS BASED ON PROPELLER T I P  SPEED 

(b) Continued. 

Figure 7 . -  Continued. 
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RUN NUM8ER 2903 DUCT  SURFACE PRESSURE D I S T R I B U T I O N  

SAMPLE CASE I 1  e.. OOAK V2-40A  MlCTEO  FAN ..e B E T A ( T I P I =  15 DEGREES 

DUCT... C / O   X P I C  T /c R T E / R P  RCB/RP A P / A  
3.608000 0.293000 0.160000 1.131003 0.332000  0 .695593 

ALPHA J J '  J COS(A1   J 'COSIAi l  
23.320  0 .17800 0.0501il 3.16727 OeD4708 

PAGE 2 

1 
1 

PRESSURE  COEFFICIENTS BASED ON F R E E  STREAM VELOCITV 

(b) Concluded. 

Figure 7.- Concluded. 
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Figure 8 . -  Measured and p r e d i c t e d   t o t a l  t h r u s t   c o e f f i c i e n t  

on the B e l l  X-22A ducted propeller i n   a x i a l  f l o w .  
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Figure 9.- Measured and p red ic t ed  aerodynamic c o e f f i c i e n t s  
on the Doak VZ-4DA ducted fan ,  pti, = 15O. 



0.6 

0.5 

0.4 

0.3 
I 

PC n 
u 2 

0.2 

0.1 

0 

-0.1 

"- Experiment, ref. 14 

0 J = 0.11 
0 . 17 
0 . 35 

0 10 20 30 40 50 60 70 80 90 

a, deg. 

(b) Normal force coefficient. 

Figure 9. -  Continued. 
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Figure 9.- Concluded. 
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Figure 10.- Measured and predicted pressure 
distribution on the Doak duct at 

a = Oo, J = 0,342.  
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Figure 11.- Measured and predicted  pressure 
distribution on the Doak duct a t  

a = 20°, J = 0.342. 
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Figure 1 2 . -  Measured and predicted  pressure 
d i s t r ibut ion  on the Doak duct   at  

a = 20°, J = 0.178. 
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